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PEEFACE 

TO 

THE FIEST EDITION 



The first edition of this little book appeared in 
1877, in the form of Dr. F. Herrmann's free render- 
ing of my brochure, * La Chimie dans TEspace,' and 
Wislicenus, as long ago as that, helped the work 
by a warm recommendation. 

As the original views still survive in Stereo- 
chemistry, this second edition presents once more 
a freely revised version of that brochure ; but a 
section on nitrogen derivatives has been added. 
Besides this, in the part devoted to carbon, the 
greatly increased number of facts has been taken 
into account, and finally the amount of the rota- 
tion of active bodies has received special attentioq. 
Accordingly the book may serve as a reference 
book for stereochemistry and optical activity. 

At the publishers' wish, I have studied brevity 
as far as compatible with thorough treatment. 

J. H. VAN 'T HOPE. 

Amsterdam : February 1894. . . 
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Fob this second edition of the * Arrangement of 
Atoms in Space,' as for the first, the publishers and 
the author desire a short preface from my pen. 
This can have now no such purpose as in the case of 
Dr. Herrmann's edition. Then I had to address to 
German chemists a letter of recommendation in 
favour of the little-known hypothesis of a very 
young colleague ; now the name of the author has 
a renown so high, based on such an extraordinary 
series of important and far-reaching researches, that 
my recomnjendation would be altogether superfluous 
for his book, even if the theory here set forth had not 
acquired for itself the position in chemistry which in 
fact it possesses. 

Indeed, the old opposition to the principle has 
almost died out ; where it still lives it is directed 
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against the ultimate basis — against * the Atomic 
Hypothesis itself — and does not deny that the doc- 
trine of atomic arrangement in three dimensions is 
a logical and necessary stage, perhaps the final 
stage, in the chemical theory of atoms. For the 
most part the opposition is directed — often quite 
rightly — against special applications of the principle 
to the explanation of particular facts, leaving the 
principle itself untouched. That the hypothesis 
itself has proved its own justification — at least, as 
much as any other scientific theory — none can 
dispute. 

It has already effected to the full all that can be 
effected by any theory ; for it has brought into 
organic connection with the fundamental theories 
of chemistry facts which were before incomprehen- 
sible and apparently isolated, and has enabled us to 
explain them from these theories in the simplest 
way. By propounding to us new problems the hy- 
pothesis has stimulated empirical investigation on 
all sides ; it has caused a vast accumulation of facts, 
has led to the discovery of new methods of observa- 
tion, has become amenable to the test of experiment, 
and has at the same time started in our science 
a movement full of significance — in a certain sense, 
indeed, a new epoch. 

How and to what extent the hypothesis has 
effected this, is told in this book, briefly, clearly, com- 
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pletely. The book is now not so much a new edition 
of the first German work, as a German revision of 
van 't Hoff's *Dix Annees dans I'Histoire d'une 
Theorie/ enriched by the growth of our knowledge 
during the last seven years. In this new form, 
also, the book will win many friends, and be a wel- 
come guide to the comprehension of stereochemistry 
and to its already very extensive literature. 

I may well be pardoned if I find an especial 
satisfaction in this new edition of van 't Hoff's pioneer 
publication. When it first appeared as * La Chimie 
dans I'Espace ' it bore as motto a sentence, uttered 
by me as early as 1869.^ I was then able to do 
something towards making known the new theory, 
and later to contribute to its development and to 
the experimental testing of it. Accordingly it is 
with great pleasure that I accept the honour of in- 
troducing the new revision, and send my thanks and 
regards to my honoured friend at Amsterdam. 

JOHANNES WISLICENUS. 

Leipzig : A2yril 1894. 

' Ber. 2, 550, and especially p. 620. 
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EvEEY time I write on stereochemistry a new name 
has to be added to complete the history of its 
development. In my * Dix Annies dans I'Histoire 
d'une Th^orie * I mentioned Gaudin and his * Archi- 
tecture du Monde ' (1873) ; then Meyerhofifer in his 

* Stereochemie ' added Patemo/ who in 1869 pro- 
posed to explain isomeric bromethylenes by a tetra- 
hedral grouping roimd carbon; and Eosenstiehl,^ 
who in the same year represented benzene by six 
tetrahedra ; and now Eiloart, in his * Guide to 
Stereochemistry,' goes back to Swedenborg's ' Pro- 
dromus Principiorum Eerum Naturalium sive 
Novorum Tentaminum Chymicam et Physicam 
Experimentalem geometrice explicandi/ ^ Certainly, 
then, we were not over-hasty, Le Bel and I, when we 
published our ideas (November and September 1874) 
in the * Bulletin de la Soci^te Chimique ' and in the 

* Voorstel tot Uitbreiding der Structuur-Formules in 
de Euimte ' respectively. That shortly before this 

* Oiom. di Scienze Naturali ed Econ. vol. v., Palermo ; Gazz 
Chim. 1893, 35. 

2 Bull, Soc, Chim. 11, 393. ' Jan Osterwyk, Amsterdam, 1721. 

B 



2 STEREOCHEMISTRY OF CARBON 

we had been working together in Wurtz's laborat ory 
was purely fortuitous ; we never exchanged a word 
about the tetrahedron there, though perhaps both of 
us already cherished the idea in secret. To me it 
had occurred the year before, in Utrecht, after read- 
ing Wislicenus' paper on lactic acid. *The facts 
compel us to explain the difference between isomeric 
molecules possessing the same structural formulsB by 
the different arrangement of their atoms in space ' : 
this was the sentence which remained in my memory, 
and which I have since used as a motto ; on trying 
to refer to it I could not find it again, and so cannot 
give the reference here. 

On the whole, Le Bel's paper and mine are in 
accord ; still, the conceptions are not quite the same. 
Historically the difference lies in this, that Le Bel's 
starting point was the researches of Pasteur, mine 
those of Kekule. 

The researches of Pasteur had made plain the 
connection between optical activity and crystal-form, 
and had led to the idea that the isomers of opposite 
rotatory power correspond to an asymmetric group- 
ing and to its mirrored image. Indeed, the possi- 
bility of a tetrahedral grouping was suggested.* Le 
Bel closely follows Pasteur, then, when he sees this 
grouping in the four atoms or radicals — inactive 
bodies all different — united to carbon. 

My conception is, as Baeyer pointed out at the 
Kekul^ festival, a continuation of Kekul^'s law of the 
quadrivalence of carbon, with the added hypothesis 

' Legons sur la DissyirUtrie MoUculavre. 
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that the four valences are directed towards the 
comers of a tetrahedron, at the centre of which is 
the carbon atom. 

Practically our ideas, so far as they concern the 
asynunetric carbon, amount to the same thing — ex- 
planation of the tWo isomers by means of the tetra- 
hedron and its image, disappearance of this 
isomerism when two groups become identical, 
through the resulting symmetry and identity of the 
two tetrahedra. 

In the case of doubly linked carbon, however, 
there arises the possibilty of a difference. Here, too, 
four groups are connected, and Le Bel considers that 
cb priori only so much is known about their position, 
that of the two pairs one pair Ues nearer to one 
carbon, the other pair to the other carbon. It may 
happen, then, that ethylene derivatives may have no 
symmetry in their molecules — they may be active. 
Carrying out my tetrahedral grouping I concluded 
that the four groups are in one plane with the car- 
bon, this being accordingly the plane of synunetry of 
all ethylene derivatives ; therefore no optical activity 
can occur. As regards this, Le Bel * at first altered 
his opinion in my favour, but later ^ altered it back 
again. 

Of course, the facts must decide ; as, however, 
Liebermann informs me, specially for this edition, 
that bromocinnamic acid from active cinnamic acid 
dibromide is inactive, and Walden states that fumaric 
acid from active bromosuccinic acid is inactive, it 

» Bull, Soc. Ohim. 87, 300. = Ibid. [3], 7, 164, 1892. 

B 2 



4 STEREOCHEMISTRY OF CARBON 

appears that, in accordance with facts previously 
known, the simple conception of the tetrahedral 
grouping and of the development of structural 
chemistry to stereochemistry on these lines is still 
permissible. 
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CHAPTEE I 

THE ASYMMETRIC CABBON ATOM 

I. Statement of the Fundamental 

Conception 

The molecule a stable system of material points. — 

When we arrive at a system of atomic mechanics 
the molecule will appear as a stable system of 
material points ; that is the fundamental idea which 
continually becomes clearer and clearer when one is 
treating of stereochemistry ; for what we are dealing 
with here is nothing else than the spatial — i.e. the 
real — positions of these points, the atoms. 

I choose this fimdamental conception as the 
starting point for this reason, that there is alraidy 
evident in the rough outlines of this future system 
of atom mechanics a very considerable simplification, 
which I will here discuss. 

One might suppose that the arrangement of the 
atoms in the molecule would be something like that 
in a system of planets, equilibrium being maintained 
by attraction and motion, by equality between 
centripetal and centrifugal force. I will try to show 
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tRat we must exclude this motion ; and this as a 
necessary consequence of simple thermodynamic 
considerations. 

As the partial decomposition of salts containing 
water of crystallisation shows, and, generally, as the 

formula ym = Sr requires, the alteration of 

any dissociation phenomenon with the temperature 
is always of this nature, that while on cooling the 
decomposition gradually becomes less, yet it ceases 
only at absolute zero (7=0). But this is as much 
as to say that the internal stability of the molecule 
is attained only at absolute zero, i,e, in the absence 
of all internal motion. Otherwise interaction with 
another molecule is an essential condition of equi- 
librium. 

This law is seen to be perfectly general when we 
consider that every compound would undergo visible 
dissociation at a sufficiently high temperature, thus 
fulfilling the above conditions. 

We may add, as a necessary consequence, that the 
state of things at absolute zero is to be explained 
solely by atomic mechanics, thermodynamics having 
nothing to do with this explanation, because thermo- 
dynamics comes into play only when, at a tempera- 
ture above zero, dissociation begins ; and we may 
add further that, to render equilibrium possible, 
instead of the centrifugal force which ordinarily acts, 
there must be a repulsion, for the action of matter 
(atoms) alone appears insufi&cient, and there must 
be something else, perhaps electricity. 
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For stereochemistry the above considerations are 
important as showing that motion of the atoms may 
for the present be neglected, the state of things 
being tacitly assumed to be as it would be at absolute 
zero. Indeed, the phenomena of isomerism are in a 
certain sense opposed to motion ; they are certainly 
not a consequence thereof ; for when the tempera- 
ture rises they ultimately disappear, and become 
constantly more marked as it falls. He who 
chooses to assume motion, however, may conceive 
the motionless systems here to be described as the 
expression of the position of certain points about 
which the motion, doubtless a periodical motion, 
takes place. 

Insufflciency of structural chemistry. The asym- 
metric carbon atom. — Everyone is now familiar 
with the fact, only occasionally observed in 1874, 
that the simple structural formulae are insufficient 
to explain the existing cases of isomerism; and 
that, to consider first carbon-compounds of the 
type C(EiR2R3^4) — '^•^- compounds in which four 
separate groups or atoms are combined with the 
carbon — an extra isomerism occurs when these four 
groups are different, and disappears if but two of 
them become the same. Assuming a fixed position 
of the groups round the carbon atom, only a tetra- 
hedral grouping brings us to the same conclusion, 
as figs. 3 and 4 show : these become identical 
when Eg and E^ become the same ; while this leaves 
the isomerism unaffected if we represent the formula 
in one plane (figs. 1 and 2) . 
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To illustrate the matter with models we may 
use the cardboard tetrahedra, the different groups 
being represented by attaching caps made of coloured 
paper : e.g. Ej white ; Eg yellow ; Eg black ; E^ red ; 
to make the two tetrahedra alike an extra pair, say a 
pair of black caps, may be used, and may be placed 
on E4, for instance. The Kekul^ models, improved by 
V. Baeyer, and sold by Sendtner (Schillerstrasse 22, 
Miinchen), may be used for the same purpose. 



R, 



B, 



.0 R, 



Ri 



R, 




Rj C Rj 

Fig. 2. 




Fig. 3. 



Fig. 4. 



A word as to the shape of the tetrahedra. If we 
wish to represent only the two possible formulae 
given above, their peculiar lack of symmetry, their 
object-and-image relation, and the way they may be 
rendered identical, the regular tetrahedron with 
variously coloured corners quite suffices. But if the 
mechanics of the atoms is to be taken into account, 
we must admit, without making any hjrpothesis as 
to the nature of the forces acting, that in general 
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these forces will be different between different 
groups, and the same between similar groups ; and 
then the difference between fig. 3 and fig. 4 must 
be expressed in the dimensions also. The edges 
Ej E4, El Eg, &c., will then be different in the 
two figures, but the corresponding dimensions in 
each, Ej E^ in fig. 3, Ej E^ in fig. 4, &c., will be 
equal. The two tetrahedra then express by their 
shape their object-and-image relation (so-called en- 
antiomorphism), and at the same time a mechanical 
necessity is satisfied. It is now superfluous to vary 
the colours of the comers ; but the way in which 
identity arises can now be shown only by two more 
models in which, in accordance with the funda- 
mental requirement of mechanics, E^ and Eg take 
corresponding positions which are equally distant 
from the plane of symmetry now called into ex- 
istence, and passing through Ej Eg ; for we now have 

E4 EjSsEg E| and E^ E2=Eg Eg. 

II. Experimental Confirmation of the 
Fundamental Conception 

a. character of the isomerism due to the 

asymmetric carbon 

Optical activity. — The isomerism expressed by the 
difference between the two enantiomorphous forms 
is characterised in the first place by this, that it is 
to be expected when the carbon is united to four 
different groups, and only then. 

But in the second place all the molecular dimen- 
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chemical identity emphasised above ceases directly 
the asymmetric isomers have to do with a substance 
which is itself asjrmmetric. And it is just in this 
case that mechanical reasons show the impossibility 
of equality in action (mathematically in the quan- 
tities a of Van der Waals for the two substances). 
The affinities are accordingly different, and doubtless 
the solubilities also ; the resulting compounds have 
not the same composition, e.g. salts, as regards 
water of crystallisation; sometimes indeed one 
isomer can exist, while the other is incapable of 
existing. Finally the physiological action, particu- 
larly the nutritive value for the lower organisms, is 
altogether different for the two isomers, doubtless 
owing to the difference above mentioned, for in these 
organisms asymmetric bodies, e,g. proteids, play a 
great part. Also poisoning power, in the case of 
tartaric acid, and taste, in the case of asparagine, are 
different. 

We may add that Pasteur * long ago expressed 
the view that the above-mentioned optical, crystal- 
lographical, chemical, and physiological properties 
must arise from an asymmetric grouping in the 
molecule ; indeed, he even mentioned the tetra- 
hedron as a possibility. 

* Are the atoms of tartaric acid arranged along 
the spiral of a right-handed screw, or are they situ- 
ated at the corners of an irregular tetrahedron, or 
have they some other asymmetric grouping? Time 
must answer the question. But of this there is no 

* Leqcns de Ohimie^ 1860, 25. 
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doubt, that the atoms possess an asymmetric 
arrangement Uke that of an object and its mirrored 
image. Equally certain is it that the atoms of the 
left-handed acid possess just the opposite asym- 
metric arrangement.' 

B. OBSERVED COINCIDENCE OF OPTICAL ISOMERISM 
WITH THE PRESENCE OF ASYMMETRIC CARBON 

Emuneratioii of the active compounds. — In order 
now to show that the above-mentioned properties 
really accompany the asymmetric carbon atom 
wherever it occurs, we may confine our attention to 
the optical activity, since all the above-mentioned 
pecuharities, crystallographical, chemical, and physio- 
logical, regularly coincide therewith. Another sim- 
plification : it is no matter whether both isomers 
have been found or not, since if a compound has 
been found which in solution rotates to the right 
(e.g,), it is perfectly certain that the corresponding 
compoimd of opposite activity will sooner or later be 
discovered. 

We will therefore simply enumerate the active 
bodies, of known structure, indicating the asym- 
metric carbon by italics. In order to give these 
important data as completely as possible without 
occupying too much space I will here confine myself 
to the active compounds containing only one asym- 
metric carbon, as the others will be discussed later ; 
and in each group only the principal members (and 
not, e.g,, salts and esters) will be included, since 
these derivatives also will be treated of specially. 



14 STEREOCHEMISTRY OF CARBON 

1. Compounds with three carbon atoms. — {cld indi- 
cates the directly observed rotation for sodium light ; 
[a\jj is the so-called specific rotation, i.e. calculated 
for one decimetre and unit density.) 

Propylene glycol,^ CH.OH.CHg.CH^OH a, 
= - 5° for 22 cm. 

Propylene oxide/ CH.CH3.OCH2 a^ = +1° for 
22 cm. I 



Propylene diamine, CH.CHg.NHa.CH^NH^.^ 

Ethyhdene lactic acid,^ CH.OH.CH3.CO2H. Eo- 
tation in aqueous solution varying much with time 
and concentration (c). 

Maximal value \_a\jj = + 3° (c = 7-38). The 
somer of opposite activity has also been obtained.* 

Lactid,^ CH.CH3.CO.O [_a]o = - 86°. 



Cystine,^ C.SH.NH2.CH3.CO2H [a]^ = - 8°. 

Glyceric acid,^ CH.OH.CH^OH.CO^H. Eotation 
in aqueous solution varying much with time and 
concentration. Both isomers have been obtained. 

2. Compounds with four carbon atoms. 

Butyl alcohol,^ (7H.OH.CH3.C2H,. 

' Le Bel, Bull Soc. Chim, [2], 34, 129. 
■^ Baumann, Ber. 28, 1177. 
3 Wislicenus, Ann. 167, 302. 

* Nencki and Sieber, Ber. 22, Bef. 695; Schurdinger, Chem. 
Soc. J. Abstr. 1891, p. 666; Purdie and Walker, Trans. 1892, 
p. 754 ; Lewkowitsch, Ber. 16, 2720 ; Linossier, 24, Bef. 660. 

* Baumann, Zeitschr. f. Physiol. Cheni. 8, 305. 

8 Lewkowitsch, I.e. ; Frankland and Appleyard, Chem. Soc, J. 
Trans. 1893, p. 296. 

' Combes and Le Bel, Chem, Soc. J. Abstr. 1898, p. 246. 
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Oxybutyric acid,^ (TH.OH.CHg.CH^COaH [a],, 
= - 21°. 

Malic acid,CH.OH.C02H.CH2C02H. Eotationin 
aqueous solution varying much with the concentration. 
[a],, = - 2-3° {c = 8-4) ; [a]^ = + 3-34° (c = 70). ^ 

The isomer of opposite activity has also been 
obtained.^ 

Chlorosuccinic acid, (THCl.CO^H.CHaCO^H ' 
[a]i; = + 20° {c = 3-2 to 16). 

Methoxysuccinic acid, 

(7H.OCH3.CO2H.CH2CO2H ^ 

[a]l?=33° (c = 5-5 to 10-8). 

Both isomers were obtained. 

Ethoxysuccinicacid, (m.OCJEl,.CO^,CIl^COja. ^ 
[a]l? = 33° (c = 5-6 to 11-2). 

Propoxysuccinic acid, 

CH.OC3H7.CO2H.CH2CO2H 7 [aj^ = 36-2°. 

Isopropoxysuccinic acid, 

CH.OCH(CH3)2.C02H.CH2C02H.« 

Aspartic acid, CH.NH^.COaH.CH^CO^H [a],, 
= — 4° to — 5° ^ in aqueous solution. The isomer of 
opposite activity is also known. ^^ 

» Minkowski and Kiilz, Ber. 17, Eef. 334, 534, 535. 
2 Schneider, Ann, 207, 267. 

» Bremer, Bull. Soc. Ghim. 25, 6 ; Piutti, Ber. 19, 1C93. 
» Walden, Ber, 26, 215. 

* Purdie and Marshall, Chem, Soc. J. Trans. 1893, p. 217. 
« Purdie and Walker, I.e. p. 229. 

' Purdie andBolam, ibid. 1895, p. 955 ; Cook, Ber. SO, 294. 

* Purdie and Lander, Chem. Soc. Proc. 1896, p. 221. 
» Becker, Ber. 14, 1031. 

^" Piutti, Campt. Rend, 103, 134 ; Marshall, Cheni. Soc. Trans. 
1896, p. 1028. 
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Malamide, CH.OH.CONHa.CH^CONH^. 

Asparagine, CH.NHa.CO^H.CHaCONHg [a]^ 
= — 8° to — 5° Mn aqueous solution. The isomer of 
opposite activity is also known.^ 

Uramidosuccinamide, 

CH.NHCONH2.CO2H.CH2CONH2, 

also obtained in the two modifications.^ 

3. Compounds with five carbon atoms. 

Amyl alcohol, (7H.CH3.C2H5.CH2OH [a]^ = - 5^^ 
The isomer of opposite activity is also known.^ All 
the derivatives are mentioned later. 

Valeric acid, CH.CH3.C2H,.C02H [a]^ = + 

Amyl alcohol, CH.OH.CHg.CgH^ a„ = - 8° T 
for 22 cm.^ 

Amyl iodide, (7HI.CH3.C3H7 a^ = + 1° 8' for 
22 cm.« 

Amyl chloride, aHCl.CH3.C3H7 a^ = - 0° 5' 
for 20 cm.*^ 

Oxyglutaric acid, aH.OH.CO^H.C^H^COaH [a]^ 
= — 2° ® in aqueous solution. 

Methylmalic acid, C.OH.CH3.CO2H.CH2CO2H.9 

» Becker, Ber. 14, 1031. 

2 Piutti, Compt Bend, 103, 134 ; Marshall, Chem, 80c. Trans. 
1896, p. 1023. 

» Eogers, Chem. Soc, J. Trans. 1893, p. 1130. 

* Le Bel, CompL Bend. 87, 213 ; cf. Schiitz and Marckwald, Ber. 
29, 52. 

* Taverne, Bee. des Trav. CMm. des Pays-Bos, 1894, p. 201 ; 
Schiitz and Marckwald, Z. c. 

« Le Bel, Bull. Soc. Chim. 88, 106. 

' Guye, Thisesy 1891, p. 66. 

» Ritthausen, J.f.prakt. Cfeem.[2], 5, 854; Scheibler, Ber. 17, 1728. 

» Le Bel, Bull. Soc. Chim. [3], 11, 292. 
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Glutamic acid, CHNH^.CO^H.CaH.COaH [a]^ 
= + 35° * in dilute nitric acid. 

4. Fatty substances with more than five carbon atoms. 
Hexyl alcohol,* CH.CH3.C2H5.CH2CH2OH [a]z, = 8°. 

HexyUc acid,* CH.CHj.C^H^.CH^CO^H [ay> = 9^ 
The isomer of opposite activity has been prepared 
from amyl alcohol.' 

I (7H.OH.CH3.C4H9, left-handed. 
(7H.OH.C2H5.C3H7, right-handed. 

Hexyl chloride,* CH.CI.C2H5.C3H7, left-handed. 

Hexyl iodide,* CH.I.C2H5.C3H7, right-handed. 

Leucine,* CH.CH2CH(CH3)2.NH2.C02H [a]^ 
= + 18° in hydrochloric acid solution.® The isomer 
of opposite activity has also been discovered.^ 

Ethyl amyl,» CH.CH3.C2H5.C3H7 a^ = +5° for 
20 cm. 

5. Pyridine derivatives. 

a-Pipecoline = a-methylpiperidine ^ [a]^ = 35°. 
a-Ethylpiperidine ® [a]i, = 7°. 
Conine = a-propylpiperidine ^ [a]^? = 14°. 

CH, 

HjC CHg 

I Ih 

NH 

» Ritthausen, J,f,prakt Chem. [1], 107, 238. 

* Van Bombnrgh, Rec. des Trav. Chim. des Pays-Bas, 6, 150. 
« Wurtz, Ann. Chim. Phys. [3], 51, 358. 

* Ck)mbes and Le Bel, Chem. Soc. J. Abstr. 1893, p. 246. 
"" Schulze and Likiernik, Ber. 24, 669 ; 26, Bef . 500. 

* Mauthner, Zdtschr. f. physiol. Chem. 7, 222. 
^ Schalze, Barbieri, and Bosshard, ibid. 9, 103. 

<> Jast, Ann, 820, 157. * Ladenburg, Ber. 19, 2584. 2975. 

C 
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Copellidine = methylethylpiperidine.' 
Methylconine * [o]„ = 81-33°. 
Nicotine » [a]„ = - 161°. 

CH CHj 

/S /\ 

HC C CH CHj 

II I I I 

HC CH N — CHj 

\/ I 

N CH3 

6. Aromatic componnds. 

Mandelic acid," CH.CgHj.OH.CO^H [a]„ = ± 156°. 

Tropic acid,« CH.CsH^.CHjOH.COjH [a]„=71° 
in aqueous solution. Both isomers were obtained. 

Phenylcystine,* (7.CH3.NH,.SCsH5.COjH [a]^ 
= -4°. 

Bromophenylcystine.sC.CHj.SCgH^Br.NHj.COjH. 
Phenylbromomercapturic acid * [«]„ = — 7°. 

C.CH3.SCgH,Br.NH(COCH,).C02H. 
Phenylamidopropionic acid/ 

CH.NH2.CH2CgHj.CO2H. 
Tyrosine,^ CH.NH^.CH^.CgH^OH.COaH [a]^ 

= -.8^ 

IsopropylphenylglycoUic acid,^ 
(7H.OH.CgH4C3H7.CO2H. Both isomers were pre- 
pared. [a]i, = 135°. 

» Levy and Wolff enstein, Ber. 28, 2270 ; 29, 43, 1969. 

2 Wolfifenstein, ibid. 27, 2614. » Ladenburg, ibid. 26, 293. 

* Lewkowitsch, ibid. 16, 1565, 2721. 

* Ladenburg, ibid. 22, 2590. 

• Baumann, ibid. 15, 1401, 1731. 

' Schulze and Nageli, Zeitschr. f. physiol. Chem. 11, 201. 

• Mauthner, Wien. Akad. Ber. [2], 85, 882. » Ber. 26, Ref. 89. 
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Leucinephthaloylic acid/ 

CH.C,H5.NHCOC6H,(COjH) .COjH. 
Phthalylamidocaproic acid,' 

Limonene.* CarvoL' Camphor/ 

[a]^=±105° [a]^=±62° [a]„=±65° 

CgHj CjHj CjHj 

C C C 

/"S /s /s 

HC CH HC CH H,C CH 



HC CH, HC CO HjC CO 

\/ \/ \/ 

C G C 

HCHj HCH3 HCH, 

Tetrahydronaphthylenediamine ' [ajg ——7° and + 8°. 

H H.NH2 
C C 

//\/\ 
HC C CHj 



HC C CH, 

c c 

NH, H, 

Phenyl amyl,« OH.CHj.C^Hs.CH^CgH^ 0^=1° 4'. 

Predictions of activity confirmed. — Thus in all 

active bodies the asymmetric carbon occurs ; indeed, 

■ Beese, Amn. 242, 9 ; Ber. 21, 277. 
» Ber. 21, 166. » Ibid. 20, 486, 2071. 

* Landolt, Op*. DrehungsvermBgen, p. 83. 
» Bamberger, Ber. 28, 291. ' Guye, Thises, 1891. 

2 
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in many cases activity was first suspected from the 
constitution, and subsequently discovered. This 
was the case with leucine, tjrrosine, cystine, propy- 
leneglycol, glyceric and mandelic acids, secondary 
butyl-, amyl-, and hexyl-alcohol, isopropylphenyl- 
glycoUic acid, hydronaphthalenediamine, &c. 

Donbtfiil statements. — A fact which inspires special 
confidence is that in seven cases the supposed 
activity of bodies containing no asynametric carbon 
atom has been disproved. 

Propyl alcohol, CH3CH2CH2OH.1 

Styrolene, G^HfiBiCB.^.^ 

Trimethylethylstibineiodide, (CH3)3C2H5SbI.3 

^-Picoline = /S-methylpyridine/ 

Papaverine.^ 

Chlorofumaric and chloromaleic acids,^ 

CO2HCCICHCO2H. 

It must then be considered doubtful whether 
oxypyroracemic acid ^ with the constitution ascribed 
to it, COgH.COCH^OH, really possesses the activity 
discovered by Will. 

^ Chancell, Compt. Bend. 68, 659, 726. Inactive aooording to a 
private communication from Henninger. 

^ Berthelot, ibid. 63, 518 ; van 't Hoff, Maandblad voor Natuur- 
wetenschappeny 6, 72 ; Ber. 9, 5 ; Erakau, Ber. 11, 1259 ; Weger, 
Arm. 221, 68. 

• Friedlander, Joum. f. prakt. Chem. 70, 449 ; Le Bel, BuU. 
Soc. Chim. 27, 444. 

« Hesekiel, Ber. 18, 3091 ; Landolt, ibid. 19, 157. 

^ Hesse, Ann. 176, 198 ; Gk)ldschmidt, Wien. Akad. Ber. 
January 1888. 

« Perkin, Chem. Soc. Joum. 1888, 695 ; van 't Hofif, Ber. 10, 1620 ; 
Walden, l.c. 26, 210, 608. 

' Ber. 24, 400. 
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Disappearance of the activity in derivatives. — It is 
of special importance to note the activity in different 
groups of derivatives, for it is found that the activity 
regularly vanishes with G, the asjmametric carbon 
atom. This proof is specially pertinent, because 
Colson * has recently given prominence again to the 
conception of an active tjrpe or radical as the cause 
of rotation ; this conception, however, lacks sufficient 
precision, the precision which renders it possible to 
decide beforehand in which cases this tjrpe vanishes. 

In the amyl series, in the derivatives of active 
amyl alcohol, H3C(C2H5)aHCH20H, the activity 
persists in the ethers and amyl sulphates, in the 
chloride, bromide, and iodide, in amylamine and 
its salts, in the aldehyde and in valeric acid, in 
diamyl ; in short, in more than sixty compounds 
recently examined by Guye ^-and others. Unaided by 
the theory, one w^ould be inclined to maintain that 
the activity exists in all the derivatives ; but, relying 
on the theory, Le Bel^ and Just^ examined the 
nearest derivatives in which the asymmetric car- 
bon is lacking, the former testing methylamyl, 
(HgCj^aCHCHg, and amylene, H3C(C2H5)CCH2, the 
latter amylhydride. No rotatory power could be 
detected in any of these three compounds. 

In the derivatives of tartaric acid the same 

* Etude sur la SUriochimiey 1892 ; Joum, de Pharm, ct de 
Chimiey 1893. 

« T^i^cs, Paris, 1891 ; Walden, Zdtschr. physik. Ghem. 16, 638 ; 
I. Welt, C<mpU Rend. 119, 885 ; Guye and Chavanne, Z.c. 119, 906 ; 
120, 452. 

• BvlU Soc. Chim, [2], 25, 665. * Ann, 220, 146. 
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peculiarity occurs. Starting with the right-handed 
acid we find the rotatory power preserved in the 
salts and esters, in tartramic acid and tartramide ; 
in short, in forty-one derivatives recently enumerated 
by Guye, in malic acid, its salts, its esters, and 
its amide. But Pasteur himself did not suspect 
that the activity would disappear in succinic acid,^ 
CO2HCH2CH2CO2H, obtained by the reduction of 
malic acid ; the same holds for chlorofimaaric acid,^ 
COgHCClCHCOgH, obtained by treating tartaric 
acid with phosphorus pentachloride. 

Starting from malic acid in the contrary direction 
we have active methoxy- and ethoxy-succinic acids, 
chlorosuccinic acid, asparagine, aspartic acid with 
the two series of salts, uramidosuccinic acid ; ^ but 
the succinic acid made from asparagine is inactive. 

Further confirmation is afforded by the follow- 
ing isolated cases, which will find an application 
later. 

Oxalic acid made from active sugar ^ or active 
tartaric acid ^ is inactive ; so is furfurol from active 
arabinose or xylose.^ 

Active phenylcystine gives on treatment with 
baryta inactive phenylmercaptan.^ 

The active oxybutyric acid of Minkowski and 
Kiilz gives an inactive crotonic acid."^ 

^ Bremer and van *t Hofif, Ber. 9, 216. 

2 Van 't Hoff, ibid, 10, 620 ; Walden, l.c. 26, 210. 

» Piutti, Compt. Bend. IDS, 134. 

* Van 't Hoff, Ber. 10, 620. * Ibid. 1620. 

" Baumann and Preusse, Ix, 

' Deichmuller, Szymansky, and ToUens, Ann. 228, 95. 
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Among observations of this kind those cases in 
which compounds without the asymmetric atom are 
obtained by fermentation — i.e. by the action of living 
organisms — deserve special attention, because this 
action specially favours the formation of active 
compounds. When therefore in these circumstances 
an inactive body is formed from an active one, it is 
surely very probable that its inactivity arises from 
its constitution being incompatible with rotatory 
power. For this reason we mentioned in 1875 the 
inactivity of ethyl-, propyl-, butyl-, and amyl-alcohols, 
which result from the fermentation of active carbo- 
hydrates. 

Succinic acid ^ made by fermentation of active 
malate and tartrate of calcium, of asparagine, and 
of starch, is inactive. Further, Beyerinck, to whom 
I am indebted for these samples of succinic acid 
(made by Fritz), has placed at my disposal some 
ethylacetate prepared by fermenting active maltose. 
Van Deventer showed that this was inactive. 

Finally, one might add all inactive vegetable pro- 
ducts, which for the most part are made from active 
material under the influence of the organism. The 
inactivity of citric acid, e.g., rendered probable the 
formula C02H.CH2COH(C02H)CH2C02H. This was 
pointed out long ago and has since been proved. 

Does any difference in the gronps attached to the 
carbon suffice to cause activity ? — This question arose 
in the first edition. Some reserve was still necessary 
as long as cases were lacking in which even the dif- 

' Ber. 10, 1620 ; 11, 142 ; 12, 474. 
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ference between halogen and hydrogen — i.e. between 
the simplest possible groups of only one atom — 
sufficed for activity.* There was room for doubt, 
because in many cases the activity was lost on sub* 
stituting one group for another — e,g, chlorine for 
hydroxyl — although all the groups were still different. 
Thus the following inactive halogen derivatives were 
obtained from active bodies : — 

Bromosuccinic acid from malic acid.^ 

Dichlorosuccinic acid from tartaric acid.^ 

lodohexyl from mannite.^ 

Phenyl-brom- and chlor-acetic acids from phenyl- 
glycollic acid.-^ 

Isopropylphenylchloracetic acid from isopropyl- 
phenylglycoUic acid.® 

Since then, however, the following thoroughly 
decisive cases have become known in which the 
activity is retained or present. 

Chloro- and bromo-propionic acids from lactic 
acid.^ 

Chlorosuccinic acid from malic acid.^ 

Chloro- and bromo-malic acids from tartaric acid."^ 

Iodide and chloride of secondary amyl alcohol, 

Iodide and chloride of secondary hexyl alcohol, 
(7H.OH.C2H5.C3Hy. 

^ See Guye's work below. 

2 Ann. ISO, 172 ; Ber. 24, 2687. « Walden, Ber, 26, 212. 

* Ann. 136, 130. * J. Chem. Soc. 69, 71 ; Proc. 1891, 152. 

« Fileti, Qazz. Chim. [2], 22, 395. ' Walden, Ber. 28, 1287. 

•♦ Le Bel, Bull. Soc. GUm. [2], 88, 106 ; Guye, Th^es, 1891. 
» Combes and Le Bel, J. Chem. Soc. Ahstr. 1893, 246. 
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Hexachlorhydrin of mannite, 

Cinnamic acid dibromide and dichloride,^ 

CeH,(CHBr),CO^. 

Finally, the above-mentioned phenyl-brom- and 
chlor-acetic acids, which had been known only in the 
inactive form, were obtained active from mandelic 
acid. 

The unexpected occurrence of the inactive de- 
rivatives will be explained presently. 

Translator's Note 

A final restriction has yet to be acknowledged. 
At present we do not know a single active molecule 
containing less than two carbon atoms imited with 
the asjmcimetric carbon. 

Thus no activity has been observed in the follow- 
ing compounds :— 

Containing one carbon atom. 

Chlorobromomethanesulphonic acid, CHClBr.SOgH. 

Containing two carbon atoms. 

Bromnitroethane, CHBr.NOg.CHg. 
Sodiumnitroethane, (THNa.NOg.CHg. 
Aldehyde ammonia, CH.OH.NHg.CHg. 
Chloralsulphydrate, CH.OH.SH.CCI3. 
Chloral alcoholate and hydrocyanide. 
BromoglycoUic acid, CH.OH.Br.COOH. 
Hydrogen silver fulminate, CHAg.NOg.CN. 
Ethylidene iodobromide, CHIBt.GH^. 

* Mourgaes, Compt.Bend. Ill, 112. 
2 Liebermann, Ber. 26, 245, ft^^. 
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liquefied through loss of water of crystallisation and 
formation of the racemate. 

3. The expansion on formation of the racemate 
renders possible an exact study of the phenomenon. 
The dilatometer used consisted of a huge thermometer, 
in the bulb of which was placed the mixture of the 
two tartrates, this being covered with oil. The 
height of the oil in the stem of the thermometer was 
read off on a scale. On heating this dilatometer for 
a sufficiently long time at definite temperatures, one 
observes, between 26*7° and 27-7°, a slow but persis- 
tent and very considerable expansion, accompanied 
by a complete change in the contents of the bulb ; 
partial liquefaction takes place, together with pro- 
duction of the racemate in well-formed crystals. On 
cooling, the reverse phenomenon is observed. 

This process of division is of special interest, 
because it represents the first case of a class of 
phenomena of chemical equilibrium,^ much studied 
of late, and characterised by a definite temperature, 
the * conversion temperature/ above and below 
which only one of the two systems can exist. 

Eecently van 't Hofif,^ H. Goldschmidt, and 
Jorissen have adopted another method for investi- 
gating phenomena of this kind. Taking the case 
already studied, at the temperature of transformation 
equality will exist in the vapour tension of (1) the 

^ Van 't Hoff and van Deventer, Ber, 19, 2142 ; Zeitschr. f, physik. 
Chem, 1, 165, 227 ; Bakhuis Boozeboom, Bee, Trav. Chim, Pays-Bas^ 
6, 36, 91, 137 ; Zeitschr. f.physik. Chem. 2, 836. 

2 Vorlesungen ilber Bildung und Spaltung von Doppelsalzen 
(Leipzig, 1897, Engelmann). 
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water of crystallisation of the dextro- and laevo- 
tartrates, (2) a saturated solution of the above salts, 
(3) a saturated solution of the salt of Scacchi, 

(C^H.NaNH.Og.H^O)^. 

Accordingly the bulbs attached to the two limbs 
of a differential tensimeter were charged with mix- 
tures representing (1) and (2), and the temperature 
was observed at which the tension in the two limbs 
became equal. It was 26-6°. 

If the temperature be raised a few degrees another 
transformation takes place, the double racemate of 
Scacchi now breaking up to form the single racemates : 

2(NaNH4H4C406.H20)2 
= (Na^H.C.Oe)^ + ((NH,)2H,C,Oe)2 + 4H,0. 

At the temperature of conversion there is equality 
in the vapour tension of 

(1) A saturated solution of Scacchi's salt and 
sodium racemate. 

(2) A saturated solution of Scacchi*s salt and 
ammonium racemate. 

(3) A saturated solution of sodium and ammonium 
racemate. 

(4) The water of crystallisation of Scacchi's salt. 
To represent (4) one division of the tenfeimeter 

was filled with 4 gm. of the salt of Scacchi which 
had been dried till it lost half its water (J mol.). 
Thus was formed the acid anmaonium salt which is 
necessary in order to reduce the ammonia tension to 
a minimum. The other division contained the same 
filling, with the addition of one molecule of water ; 
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Ethylidenemethethylate, (7H.OCH3.0C2H.,.CH3. 
Ethylidenechlorosulphinic acid, CHCl.SOgH.CHj. 
Chlorethylidene oxide, CH3.CHCI.O.CIHC.CH3. 

The verdict of observation, then, up to the 
present time, is that an asymmetric carbon alone is 
not sufficient to cause optical activity, but that the 
presence of the group C.C.C is essential.^ It seems 
probable, however, that the inactivity of the mole- 
cules just mentioned is due to an intramolecular 
transformation, favoured by the mobility of the 
small radicals attached to the asymmetric carbon. 
The same thing is observed in the case of asymmetric 
nitrogen (p. 181^05^). 

^ Compare MoUer, Cod Liver Oil and Chemistry^ p. 462 
(London : MoUer). 
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CHAPTEE II 

DIVISION OF THE INACTIVE MIXTURE' 

Inactivity of Compounds containing an 
Asymmetric Carbon Atom 

Every active compound, then, occurring in the 
two characteristic isomers contains an asymmetric 
carbon atom ; on the other hand, there are many 
substances which possess this peculiar constitution 
and yet show no activity ; indeed, they are perfectly 
certain to be inactive when prepared in the laboratory 
from inactive substances. 

From the first, Le Bel and I considered this 
difficulty to be merely apparent. The exactly cor- 
responding internal constitution of the two isomers, 
CE1E2E3E4, demands that when they are formed 
from CE1E2E3E3 (where the similar groups E3 
occupy exactly corresponding positions on each side 
of the plane of symmetry passing through CEiEg), 
the reaction should proceed with equal velocity in 
two directions; the product will consist of equal 
quantities of two isomers, one resulting from the 
conversion of the one E3 group into E^, the other 

» Compare Chr. Winther, Ben 28, 3000. Tables showing the 
results so far obtained and a theoretical explanation are given. 
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from the conversion of the other E3 group into E^. 
Thus we get an inactive mixture, and a niixture 
which, owing to the complete agreement in the 
chemical and physical properties of the components, 
can be separated only by special means. If we add 
that, on the other hand, the two isomers, like right- 
and left-handed tartaric acid, may join together to 
form a so-called racemic compound, everything 
justifies the expectation that the isomers may be 
obtained from the product of this reaction, as Pasteur 
obtained tartaric from racemic acid. 

And this has gradually been done in more than 
thirty cases. We have now, then, to describe the 
methods, which may be briefly indicated as — 

Division by the use of active compounds ; divi- 
sion by the ase of organisms ; spontaneous division ; 
proof of divisibility by synthesis of the inactive 
mixture or compound. 

1. DIVISION BY THE USE OF ACTIVE COMPOUNDS 

This method was based on the observation of 
Pasteur that when a solution of racemic acid is 
neutralised with (active) cinchonine, the salt of the 
left-handed tartaric acid is the first to crystallise out. 
Since that time the method has been employed with 
success in many cases, and seems advantageous for 
procuring a large quantity of pure substance ; but it 
is limited to the division of acids and bases, because 
other active bodies lack the requisite combining 
power. 
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Substance 


Means 


Author 


Bacemio acid, 

CO^H CHOHCHOHCO^H 


Ginchonine 


Pasteur. 


Malic acid, 

COjHCHOHCHCO^H 


Ginchonine 


Bremer, *Ber.' 13, 
351;*Bec.desTrav. 
Ghim. des Pays- 
Bas,' 4, 180. 


a-Oxybutyric acid, 
CO2HCH.OH.C2H5 


Brucine 


Guye and Ghavanne, 
* Gompt. Rend.' 
120, 565, 632. 


Pjrotartaric acid, 

CO2HCH.CH3.CH2CO2H 


Strychnine 


Ladenburg, * Ber.' 28, 
1171. 


Mandelic acid, 
CA.CHOHCO^ 


Ginchonine 


Lewkowitsch, * Ber.' 
16, 1573. 


i-Mannonic acid, 
CH20H(CHOH)4C02H 


Strychnine, 
Morphine 


Fischer/Ber.'23,379. 


i-Galactonic acid, 

CHjOHCC'HOHj^COjH 


Strychnine 


Fischer, *Ber.' 25, 124. 


Phenylbromolactic acid, 
CeHjOFBrCHOHCOaH 


Ginchonine 


Purdie and Marshall, 
* Ghem. Soc. J. 



Ethoxysuccinic acid, Ginchonine 

COjjHCHCOO^HJGHjGO^H 



Lactic acid, GHjCHOHGOsH Strychnine 



Isopropylphenylglycollic Quinine, Gincho- 
acid, CjH^C^H^CHOHGOaH nine, Godeine 



Cinnamio acid dibromide 
CeH5(CHBr)jG02H 



Cinnamio acid diohloride 



Strychnine 



Strychnine 



Phenyldibromobutyric acid Brucine 



Trans.' 1893, 218. 

Purdie and Walker, 

* Ghem. Soc. J. 
Trans.' 1892, 754. 

Purdie and Walker, 

* Ghem. Soc. J. 
Trans.' 1892, 754. 

Fileti, *Gazz. Chi- 
mica,' [2], 22, 395. 

Erlenmeyer, jun., and 
Lothar Meyer, jun., 

* Ann.' 271, 137 ; 

* Ber.' 25, 3121. 

Liebermann, * Ber.' 26, 
833. 

L. Meyer, jun., and O. 
Stein/ Bet .'^t,^^(^. 
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Substance 
Leucine, 
CH.NH2.C,H,.C02H . 



Means and Product 

Penioillium, 

left-handed in 

hydrochloric acid 



Glutamic acid, Penicillium, 

Cfl.NH2.C02H.C2H4C02H left-handed in 

hydrochloric acid 

Aspartic acid, Penicillium, 

CH.NH2.CO2H.CH2CO2H left-handed in 

hydrochloric acid 



a-Acrose, 
CH20H(CH0H),C0CH20H 

i-Mannose, 

CH,OH(CHOH)^COH 

Ethoxysuccinic acid, 

cfl.ocA.co.;a.cH2C02H 



Beer yeast, 
L-fructose 

Beer yeast, 
L-mannose 

Penicillium, 
L-acid 



Author 
Schulze and Boss- 
hard, * Bar.' 18, 388. 



Schulze and Boss- 
hard, * Ber.' 18, 388. 



Schulze and Boss- 
hard, Z.C. ; Engel, 
*Compt. Rend.' 106, 
1734. 

Fischer, 'Ber.' 23, 
389. 

Fischer, *Ber.» 28, 
382. 

Purdie and Walker, 
* Ghem. Soo. J. 
Trans.' 1893, 230. 



Translator's Note 

Fischer and Thierf elder * have shown that micro- 
organisms not only distinguish between isomers of 
completely opposed activity, but that the transposi- 
tion of two groups, attached to a single one of a 
number of asynametric carbon atoms in a molecule, 
is of moment to them. 

Thus the following sugars are fermentable by 
various species of yeast : — 

H H OH H 
d-Glucose CH2OH C C C C COH 

OH OH H OH 



' Ber. 27, 2031 ; see also Fischer, ibid. 27, 2986, 3228, 3479 ; 
28, 1429. 
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TT TT OH OH 

d-Mannose, CH^OH C C C C COH 

OH OH H H 

H OH OH H 
d-Galactose, CH^OH C C C C COH 

OH H H OH 

But the same yeast species are incapable of attacking 

d-talose, 

H HO OH OH 

CH2OH C C C C COH 

OH H H H 

which differs from mannose and galactose only by 
the transposition of the groups attached to a single 
asymmetric carbon atom. 

This result is the more surprising, since changes 
in the composition of the sugar, though much more 
marked, do not affect these ferments, which act on 
sugars with three as well as on those with nine 
carbon atoms. 

Similar results have been obtained with unorgan- 
ised ferments. To insure fermentation, then, the 
substance to be fermented and the ferment must 
have their configurations adjusted to one another 
like lock and key. It follows that ferments which 
act on the same substance must resemble one 
another in configuration like two keys ; and they 
may act on one another to their mutual destruction 
if the keys turn opposite ways. Experiments made 
by me showed, however, no such destructive action 
in the case of human and pig pepsins. 



D 
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pounds, perhaps even if only taking place in active 
solvents.^ 

Indivisibility when the aiymmetric carbon atom ii 
absent. — If on the one hand it may be said that 
up till now no compound with an asyrmnetric car- 
bon atom, when suitably treated, has escaped divi- 
sion (with the exception of certain compounds of 
symmetrical type which will be considered later), it 
is important on the other hand to observe that 
division has been repeatedly attempted in the absence 
of dissjrmmetry, but so far without success. 

We may again mention here the compounds 
enumerated on page 23, obtained from active bodies 
by fermentation &c., and yet inactive ; we may add 
the inactive vegetable products. Of special impor- 
tance, however, are the experiments undertaken with 
the express purpose of obtaining division : e,g. of 
oxalic acid by Anschiitz and Hintze;^ of fumaric 
acid •'* by the same ; of orthotoluidiae * by Le Bel ; 
of inosite-'^ by Maquenne; of homosahcyhc acid, 
C6H3(CH3)(C02H)OH(l, 2, 3), of homo-oxybenzoic 
acid, C6H3(OH)(CH3)C02H(l, 2, 3), and of methoxy- 

» Pope and Kipping {Proc, Chem, Soc, December 1896) find that 
substances active only in the solid form, which ordinarily deposit 
from solution dextro- and laevo-gyrate crystals in equal numbers, 
may be made to yield an excess of one form by dissolving an active 
substance with them. Thus 5 per cent, of dextrose in the solu- 
tion caused a preponderance of 1-sodium chlorate in the separated 
crystals, while 5 per cent, of isodulcite caused the dextro-chlorate 
to preponderate. They suggest that racemic bodies may be divided 
in this way. (Compare Eakle, Chem, Centralbl, 1896, ii. 649.) 

2 Ber. 18, 1394. » Ann. 239, 164. 

* Bull. Soc. Chim. 88, 98. » Compt. Bend. 104, 226. 
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toluyKc acid, C6H3(OCH3)(CH3)C02H(l, 2, 3), by 
Lewkowitsch. ^ All these attempts were unsuccessful. 
Mutual conversion of active bodies. Position of 
equilibrium.— From the exactly corresponding con- 
figuration of the two isomers, it is at once clear that 
the stability of both is the same. Now this stabiUty 
is, in general, slight ; it has long been known that 
on warming sufficiently the activity is lost while 
the composition remains the same. It has gradu- 
ally become certain that we have here to do with 
the formation of the racemic mixture. On heating 
tartaric acid, racemic acid ^ is formed ; on heating 
active amylalcohol (as sodium derivative) the result 
is an inactive product, which Le Bel ^ has divided ; 
mandelic acid yields an inactive mixture, divided by 
Liewkowitsch ; * Schulze and Bosshard * obtained by 
heating active leucine an inactive isomer, which 
was also divided by them ; Michael and Wing ^ 
obtained aspartic acid, divided by Engel ; ^ Wallach 
the divisible dipentene from active isomers. In 
short, we have here a general method for preparing 
from one isomer a derivative of opposed activity — 
viz. racemising by heat and dividing the product. 
Further, Walden® has made the curious observa- 
tion that IsBVomalic acid produces with PCI5 the 

> J, Chem. Soc, Trans. 1888, 781. 

< Jungfleisoh, Convpt, Bend, 75, 439, 1739. 

' Bull. Soc. Chim. 81, 104 ; Compt. Bend. 87, 213. 

* Ber. 15, 1605. 

» Ibid. 18, 688 ; Zeitschr, physiol. Chem. 10, 134. 

• Ber. 18, 2984. ' Compt. Bend. 106, 1734. 
Ber. 28, 2766 ; S9, 133. 
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chlorosuccinic acid corresponding to dextromalic 
acid ; ethyl lactate behaves in the same way.^ 
Similarly Anschiitz, on treating fmnaric acid with 
bromine, observed the formation of the dibromo- 
succinic acid corresponding to inactive tartaric acid; 
whereas, according to page 107 post, the racemic 
compound was to have been expected. 

It is important to add that so-called catalytic 
influences may bring about a similar racemising, as 
in the conversion of hyoscyamine into atropine by 
bases,^ and of tartaric into racemic acid by the oxides 
of iron and aluminium ; * in fact these catalytic in- 
fluences occasionally cause the formation of racemic 
acid in the commercial preparation of tartaric acid. 

Further, the isomerisation in question, leading to 
the production of inactive bodies, takes place more 
easily during their formation than with the ready- 
formed bodies, which is in perfect accord with all 
our conceptions of the nascent state. Thus on heat- 
ing albuminoids with baryta, the result was inactive 
tyrosine, leucine, and inactive glutamic acid, while 
when Schulze and Bosshard used hydrochloric acid 
for the conversion, all the derivatives were obtained 
in the active state ; in the former case, then, isomeri- 
sation with loss of activity was brought about by the 
united action of heat, alkali, and the nascent con- 
dition. In those cases which have not yet been 
cleared up by direct experiment .there is yet hardly 
room for doubt. That nitro- and pyro-tartaric acid 

' Purdie, J. Chem. Soc. 1896, p. 818. 

2 Ber. 21, 2777. * Jungfleisch, C&mpL Bend. 86, 805. 
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are inactive, although asymmetrical and prepared 
from tartaric acid, is probably due to the same cause. 
Hence also arises the inactivity of bromosuccinic 
acid made from malic acid; it has already been 
mentioned on p. 24 that in the corresponding re- 
action the chlorine product was obtained active. It 
should be specially mentioned here that, when halo- 
gens are brought into union with the asymmetric 
carbon, isomerisation takes place very readily, as is 
shown by the substances mentioned on p. 24 — 
dichlorosuccinic acid, iodohexyl, phenylchlor-, brom-, 
and isopropylphenylchlor-acetic acid. 

The case is of course quite otherwise with Hart- 
mann's ^ anhydride of active camphoric acid, which 
changes back into the active camphoric acid ; it 
chanced to be inactive under the particular con- 
ditions, as, according to Colson,^ may be the case 
with the isobutylamyl ester. 

Finally, it is of special interest to consider the 
matter from a more general kinetic and thermo- 
dynamic point of view. The state of equilibrium of 
active isomers in a racemic mixture is the simplest 
conceivable. Kinetically it is evident that, if the 
stability is slight and leads to conversion, equilibrium 
will be attained when the inactive mixture is formed. 
Since, from the complete mechanical symmetry, the 
tendency to conversion is equal in the two isomers^ 
the one present in larger quantity will always be ' 
converted in larger quantity, until equal quantities 
of each are present.^ 

» Ber. 1888, 221. « Canvpt. Rend, February 1893. 

• Van »t Hofl, B&r. 10, 1620. 

E 
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Through the more recent researches of Bremer, 
Anschiitz, and H. J. van *t Hoff, this difficulty has 
now been removed. Not only has Pasteur's acid 
been studied afresh, but all inactive malic acids, 
prepared according to the methods at present known, 
were identified with the inactive acid which results 
from mixing equal quantities of right- and left- 
handed acids ; while more than one of these acids 
was found capable of division. My brother ^ proved 
the identity of the synthesised inactive acid with 
that of Pasteur. He prepared its acid ammonia 
salt in the two forms which are observed in the case 
of Pasteur's acid, according as the salt is anhydrous 
or hydrated. He proved ^ the same thing for the 
inactive acid which had been obtained by Loydl by 
heating funaaric acid with caustic soda, and this 
identity was confirmed by the division effected by 
Bremer.^ The same crystalline form was observed 
in Kekule's acid ammonium malate prepared from 
bromosuccinic acid. 

Anschiitz^ found on a crystallographic com- 
parison of these salts, made from the acids of 
Pasteur, Kekule, and Jungfleisch (the last obtained 
by heating fumaric acid with water), that here also 
identity exists. Jungfleisch,^ too, found his acid 
ammonium malate to be crystallographically identical 
with that of Pasteur, though he does not give the 
measurements. 

^ Maandblad voor Natuurwetenschapperif 1885, Bijdrage to 
de kermis der inaktieve Appelzuren. Diss. 1885. 

2 Ber, 18, 2170. " Bee, Trav, Chim. Pays-Bos, 4, 180. 

4 Ber. 18, 1949. * BulL Soc. Chim. 30, 147. 
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This evidence has been strengthened by an 
observation of Piutti/ who recognised in the in- 
active aspartic acid, obtained by mixing the right 
and left isomers, the acid prepared by Dessaignes, 
which was the one used by Pasteur for making 
malic acid. We may add that the malic acid ^ 
prepared by heating maleic acid with caustic soda 
has been found identical with the divisible malic 
acid, an observation which has since been confirmed 
by the probable identity of the methyl- and ethyl- 
malic acids which Purdie^ obtained on treating 
fumaric and maleic acids with sodium methylate 
and ethylate. Thus the isomerism of these acids 
disappears in the malic acid derivatives formed from 
them. 

Then, too, what Fischer observed in the case of 
galactonic acid is most important. From mucic 
acid, which in accordance with its symmetrical 
formula, C02H(CHOH)4C02H, can be inactive and 
indivisible, as indeed it is, he obtained a galactonic 
acid, C02H(CHOH)4CH20H, not of the inactive 
indivisible tjrpe, but a product which was capable 
of division ; surely a proof that even under the most 
favourable conditions no inactive indivisible type 
results, unless its existence is justified by the sym- 
metrical constitution. 

» Ccmvpt. Bend, 103, 134. ^ _Bg^, ig^ 2173. 

» Chem, Soc, J. 1886, 855. 
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CHAPTEB m 

COlfFOZrNDS WITS SEVERAL ASYMMETBIC 

CABBON ATOMS 

I. Application of the Fuxdambntal 

Conception 

Spatial arrangemcBl. Free ratatka. — ^From the 
hypothesis that the groaps attached to an asym- 
metric carbon atom correspond to an nnsymmetric 
tetrahedron, it follows at once that for a componnd 

with two asymmetric carbon 
atoms joined to each other, 
CR,E^3 CB^E.Eg, the arrange- 
ment is determined as far as this: 
each carbon atom must form at 
once the centre of one and the 
comer of the other tetrahedron, 
as shown in the accompanying 
figure. 

Every other arrangement, 
however, obtained by rotation (of 
tlin Itnvpl' Intmlindron, e.g.) round the axis C — C 
nntPi Im p^lltM-lly in luu'inony with the fundamental 
rntUTpiinU. Hul \U unUw to avoid this idea of an 
iiiflniH^ imM»\ipiV'iwMh tin additional hypothesis is 




FItt. 7. 
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necessary. Free rotation being admitted by the 
fundamental conception, the mutual action of the 
groups Ri Rg ^3 ^^ ^^® ^^^ hand, and R^ Rg Rg on the 
other will lead to a single * favoured configuration.' 
It is for the present indifferent which we call the 
* favoured configuration,' and we may take as such 
the arrangement represented by the figure, where Rj 
is above R4, Rg above R5, R3 above Rg. 

We may use now either the model recommended 
on p. 8, or, following Friedlander, we may improvise 
one from caoutchouc tubes and sealing-wax, each 
tetrahedral grouping being represented by four short 
tubes meeting at equal angles.* Or, instead of 
models, we may, as has been proposed by Fischer 
and also by myself, choose as the most suitable way 
of representing these isomers, a projection, in which 
the front groups R3 and Rg are turned upwards or 
downwards, and so appear on paper thus : 

Rj C Rg 
R4 C R5 

Re 

These projections may conveniently be used for 
illustrating the possible isomers. That there are 
four of these is at once evident, since each asym- 
metric carbon involves a doubling. 

These differences are represented by changing 
the order of the groups Rj Rg R3. But if, without 

* It is oonvenient to attach the tubes to a hollow oaoutchouo 
ball (Joiirett's model). 
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changing this order, we simply move B, to E^, 
E2 to E3, E3 to E4, we only bring about the above- 
mentioned rotation and no isomerism results. But 
if Ej and Eg change places we get a new isomer; 
also by transposing E4 and E3 ; hence the following 
symbols represent the four isomers : 



No. 1 


No. 2 


No. 3 


No. 4 


R3 


Ea 


R3 


R3 


Ej C Eg 


Eg C Ej 


Ej C Eg 


Eg C Ej 


E4 C Eg 


E4 C E,j 


Eg C E4 


R5 C E, 


Re 


Re 


Re 


Re 



It is plain that these are reduced to two directly 
the asymmetry of one of the carbon atoms ceases 
through Eg and E^ becoming identical ; the difference 
between No. 1 and No. 3 on the one hand, and 
between No. 2 and No. 4 on the other, then vanishes. 
Several asymmetric carbon atoms. — The special 
advantage of these projections lies in the fact that 
they may almost be said to gain in simplicity when 
the cases become more complicated. For represent- 
ing the isomerism in the simplest cases they are not 
well adapted ; here they have to compete with the 
cardboard model. For three asymmetric carbons 
they are decidedly superior. The number being then 
again doubled we have to expect eight isomers ; in 
general, 2" for n asymmetric carbons. The middle 
carbon atom then holds two groups : 

CE J EgEgCEyEgCE^EgEg . 

If now the configurations are worked out in three 
dimensions — according to Friedlander, e,g, — and then 
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utilising the free rotation, one of the simplest pos- 
sible positions is chosen, where Ei E^, E^ Eg, and 
R4 Eg are in parallel lines, the projection leads to a 
formula like that below, and the eight isomers result 
on simply transposing E^ and Eg, E7 and Eg, E^ and 
E.: 





No. 1 


No. 2 


No. 3 


No. 4 




Ba 


B, 


K3 


B3 


B, 


C E, 


Eg C Ej 


Ej C Eg 


Eg C Ej 


B, 


C E, 


Ey C Eg 


Ey C Eg 


Ey C Eg 


R4 


C E, 


E4 C Eg 


Eg C E4 


Eg C E4 




Be 


B« 


Be 


Be 




No. 6 


No. 6 


No. 7 


No. 8 




B, 


B3 


B, 


B3 


B. 


C E, 


Eg C Ej 


Ej C Eg 


Eg C Ej 


K, 


C E, 


Eg C Ey 


Eg C Ey 


Eg C Ey 


B4 


C E, 


E4 C E5 


Eg C E4 


Eg C E4 




Be 


Be 


Be 


Be 




II. 


Experimental Confirmation 



A. NUMBER AND CHARACTER OF THE ISOMERS 

TO BE EXPECTED 

The actual preparation of the isomers (which, as 
we have seen, should number four, eight, or sixteen, 
according as two, three, or four asymmetric carbon 
atoms are present) is simple, provided this can be 
effected by combining several compounds, each con- 
taining one asynunetric carbon. Let us take, for 
instance, as a starting point, the two active malic 
acids ; with these and the two active amylalcohols 
we can evidently prepare four amylmalic acids. If 
now we introduce in place, of the hydroxyl hydrogen 
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r- and 1-a-Nitrosochloride [a]^, = + and — 313° 

(M.P. 103°) 

r- and 1-^-Nitrosochloride [ajo = + and — 241° 

r- and 1-a-Nitrolepiperidine [ajo = -f and — 68° 

(M.P. 94°) 

r- and l-i8-Nitrolepiperidine [a]^, = -\- and — 60° 

(M.P. 110°) 

Perhaps the four camphoric acids come in the 
same category : 

HO = C(C3H7)C02H CH2C(CH3)C02H 



i: 



H2CCH(CH3)C02H C1I^G(G^B.^)C0^ 

(Kekul6 ') (Bamberger 2) 

r- and 1-Camphoric acid (a) [a]/, = + and — 46° 

(M.P. 180°), dissolves 
in 160 parts of water 
at 15° 

r- and 1-Camphoric acid 08) ^ [a]^, = + and — 46° 

(M.P. 113°), dissolves 
in 268 parts of water 
at 15° 

The constitution being here uncertain, however, 
the possibility of an isomerism like that of fumaric 
and male'ic acids is not excluded, and this would 
explain the remarkable equality in the rotating 
power of the a and y8 modifications. This occurs, 
however, in other cases and will be discussed later. 

» Ber. 6, 932. 2 jj^, 23, 218. 

« Friedel, C&mpt. Bend. 108, 978 ; Jungfleisch, Z.c. 110, 790 ; 
Marsh, Ber, 23, Ref. 229. 
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In the case of atropine, which, from its decom- 
position products, tropine and tropic acid,^ contains 
at least two asymmetric carbons : 

CH, 

HC CHo 



N 
CH, 



-3 



there have been obtained the left- and right-rotating 
atropines,^ [a]^ = 10^ M.P. 110° ; of the two other 
modifications only one is known, viz. hyoscyamine, 
[a]^ = - 21^ M.P. 109°. The atropine formed from 
this by the action of bases, which according to 
Hesse * is active, may belong to a third type.^ 

There is still another point on which more light 
is required. The left-handed atropine, resulting from 
lef t-atropic acid and inactive tropine, could also exist 
in several modifications, since this tropine must be 
considered as a racemic mixture. 

In the case of the allied substance, cocaine ( [a]^) 
= ~ 16° ;* as HCl salt [a]y = - 68°), and of ecgonine 
(as HCl salt [a]^ = - 62° «) : 

1 Ladenburg, Ber, 21, 3065 ; Einborn, Ic. 28, 1338. 

2 Ladenbarg, Ber. 22, 2591. 
" Awn. Chem. 271, 100. 

* Pseadohyoscyamine, [oJd = — 21°, gives on decomposition an 
isomeric tropine, like hyoscine (J. Chem. Soc. Abstr. 1893, p. 491). 

* Ber. 20, 820. ^ Einhom, Ber. 22, 1495. 
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we have : 

r- and 1-Arabinose ^ [a]^ = + and — 104° (at 

first 167°) 
Xylose [a]^ = + 19° (at first 79°) 

Eibose ^ 

Here, then, three types have been experimentally 
reaUsed, which also have been found to recur in the 
corresponding acids : 

• 

Arabonic acid [a]j) < — 8° ; as lactone [a]^ = — 74° 
Xylonic „ [a]^ = - 7° ; „ „ [_a\ = + 21° 
Kibonic „ ? „ „ [a]^, = — 18° 

Four asymmetric carbon atoms. — Of the sixteen 
isomers (eight tjrpes) there have been prepared, in 
the case of the glucoses, 

COH(CHOH)4CH20H, 

and particularly by Fischer : ^ 

1- and r-Glucose [a]^ = 63° (at first 105°) 
1- and r-Mannose ^ [a]^, = 13° 
1- and r-Crulose 

Galactose [a]^ = 80° (at first 118°) 

^ Talose 
Idose 

Of the corresponding acids, 

C02H(CHOH)4CH20H, 
and their lactones, there have been obtained : 

1- and r- Gluconic acid [a]^ = 8° ; as lactone, 68° 
1- and r-Mannonic acid [a]^ = 3° ; „ „ 64° 

» B&r. 26, 740. ^ Fischer, Ber. 24, 4220. 

> B&r. 24, 1840, 3622. « U, 22, 368, 3218. 
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«^it'ic;itoac» 



seTeraJ aBmimscric carboD ss^car^ In" liie imiati cii 
irwo spbstianoftf;. «ach crmraTriTac aitt such ai.ai£L 
leads to r^mte ^«diich isaD ^asih' be f ar^teesn, xhe 
case is alSferBd idtisD lihf zmmber of litt wa^^vunnevnc 
carlxHi a^GODS inczesfiBs lifarau^ & xranKfonmaaoi: 
takiDg place inl^nii ih^ xooi^nilB. 

that in whidi we szart fFom a «Tngk> can^K^uod ^th 
an asjnunetzie caziKm aunn. lihai i& a campoima 
active and not Taoexxdc' If we introdnce inxo SQch 
a compound a new ^xmmetzic carbon asom, as in 
the transfcHinatian of canqdiar to bomeoL we may 
in general expect ihe prodnction of two isomers. 
Bat this case is gmte disdnci from that in which the 
original compoond ccmtained no asymmetric carK^ii 
atom, where the lesnhrng isomers are images of 
each other and possess that identity of int<nial 
structure ^4iiiii causes the formation of oqi*al 
quantities of eadi. Here the case is different. Wo 
have now to do with conditions like those which 

» Ix. 24, 520. - J.C. 24, S625. 

' To indicate a oompoTind rendered inactive br the T««tni»" 
counterbal anci ng of two actiTe isomers, it is as well to iii* ihr w^ryx 
chosen by Pasteur, with whom ihiE conception originated. 
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determine, e.g. the formation of the right malate of 
right and of left conine. The formation of equal 
quantities of the two isomers, which will in general 
possess unequal stabihty, is by no means to be pre- 
dicted ; indeed, one isomer may predominate to such 
a degree that the other escapes detection ; further, 
the two isomers may be separated by ordinary 
means, e.g. by crystallisation, without necessitating 
a resort to the special means of dividing optical 
isomers. 

The researches of Montgolfier and Haller men- 
tioned above afford the most suitable illustration of 
all this. On conversion into bomeol, camphor gives 
two isomers, the right-handed, stable, ordinary 
modification (a), and a left-handed unstable 
modification (J3). These may be separated from 
each other by simple crystallisation, and yield on 
oxidation the same original camphor. The left- 
handed matricaria camphor also forms two com- 
plementary compounds, as shown in the following 
table : 
Ordinary camphor (right stable boriieol [ajo = +37° 

ajy= -h 56° tleft unstable „ [a]^ = — 33° 
Left camphor (left stable „ [a]^=— 37° 

ay;= — 66° (right unstable „ [a]^=+33° 

We may add that turpentine oil also yields two 
isomeric bomeols^ on treatment with sulphuric 
acid, and that there are two camphoric acids corre- 
sponding to each camphor. 

^ Bouohardat and Lafont, Compt. Rend. 106, 49. 
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Similarly, E. Fischer,^ by addition of hydrocyanic 
acid, has formed two acids, 1-mannonic and 
1-gluconic acids, from arabinose; a- and y8-gluco- 
heptonic acid from glucose; and a- and /8-gluco- 
octonic acid from heptose, the asjnnmetric group, 
X(7H(OH)C02H, being introduced in place of the 
aldehyde group. Glucose yields, moreover, two 
isomeric methylglucosides.^ Finally, by reduction of 
levulose: CH20H(CHOH)3COCH20H, asymmetry 
is introduced into the CO group, and the result 
is the simultaneous formation of two isomeric 
alcohols, mannite and sorbite.^ 

There is every reason to class in this category 
the formation of the isomeric nitrosochlorides which 
were obtained by Wallach^ from limonene (p. 60), 
by means of amylnitrite and hydrochloric acid ; 
the right limonene gives, e.g. an a- and yS-nitrosyl- 
chloride (chlorinated oxime). It seems indeed, at 
the first glance, somewhat strange that each of 
these chlorides should yield with amines — e.g, 
piperidine — a mixture of a- and ^-nitrosamine ; but 
this is probably due to an isomerisation taking place 
during the transformation, such as, according to 
p. 49, is especially apt to occur in the ctise of halogen 
derivatives. 

Finally, in the fact that left and right ecgonine 

» Ber, 28, 2611 ; 24, 2686 ; Ann. 270, 64. 

* Alberda v. Ekenstein, Rec. des Trav. Chim. des Pays-Basi 
1894, p. 183. 

" Ber. 28, 3684 ; Meunier, Compt. Rend. Ill, 49. 

* Ann. 262, 106 ; Ber. 28, 3687 ; 24, 1663, 2687. 

f2 
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(p. 62) yield the same active anhydrecgonine and 
the same ecgonic and tropic acid, we may see another 
example of the disappearance of isomerism conse- 
quent on the elimination of an asynametric carbon 
atom.* 

Second case. — A case theoretically more compli- 
cated, but often realised in the laboratory, occurs 
when two asymmetric carbon atoms are introduced 
into an inactive or racemic compound, as in the 
addition of bromine to cinnamic acid, forming 
CgH5(CHBr)2C02H, and in the addition of nitrosyl- 
chloride to dipentene (= racemic limonene) . In both 
cases we have to expect the formation of an inactive 
mixture, consisting of two racemic pairs, represented 

by : 

First pair : + A + B and — A — B 

Second pair : + A — B and — A -f B 

The ordinary methods of separation yield, then, two 
(racemic) isomers, the special methods yielding 
four. 

It is only lately that such cases have been experi- 
mentally demonstrated. Wallach was able to follow 
them out in detail by preparing from 1- and 
r-limonene-a-nitrosylchloride the inactive, or i-nitro- 
sylchloride (a), and then in the same way the 
i-nitrosylchloride (/8). On treating dipentene he then 
obtained and isolated the i-(a)- and i-(i8) -products. 

Erlenmeyer, jun., Lothar Meyer, jun., andLieber- 
mann have broken up the cinnamic acid bromide 
(ay; =68°) and the last named the dichloride also 

1 Ber. 24, 611. 



SEVERAL ASYMMETRIC CARBON ATOMS 69 

(a^=r 67**) . The division of bromophenyl-lactic acid is 
the third example of division in presence of two asjrm- 
metric carbon atoms. But the third and fourth 
isomers are still lacking. On the other hand, there is a 
whole series of as yet undivided racemic com- 
pounds, which have already been obtained in the 
two isomers foreseen by the theory. Such are : bro- 
mine addition products of crotonic and isocrotonic 
acids, CH2(CHBr)2C02H,^ angelic and tiglic acids, 
CHaCHBrCBrCHjCOaH,^ hypogseic and gaidinic 
acids, CH3((7HBr)2Cj3H2502, oleic and elaidic acids, 
CH3((7HBr)2C,5H2902, erucic and brassidic acids, 
CH3(CHBr)2Ci9H3702, mesaconic and citraconic 
acids, CHjCBr (CO2H) CBBiCOJEL. Such also are the 
bi-substituted succinic acids, all of which have been 
obtained in two modifications : brommethyl-,^ 
methylallyl-, allylethyl-, benzylmethyl-, benzyl- 
ethyl-, methylphenyl-succinic acid^ ; further, methyl- 
ethyl and methylpropyl-glutaric acids, and isomeric 
glycols, X(CH0H)2Y, hke phenyhnethylglycol,'^ 
which, according to Zincke,® constantly occur in 
two modifications. 

Interesting, too, is the fact lately established by 
Schiff,^ that crotonchloral gives with amides (acet- 

1 MelikofE, Ber. 16, 1268 ; Wislioenus, 20, 1010. 

* Puckert, Ann. 860, 244 ; Fittig, 269, 1. 

* BischofE, Ber, 28, 3622. 

* Ibid. 24, 1876 ; Zeitschr. f. physiol Chem, 8, 465. 

» Zincke, Ber. 17, 708. « Ber. 20, 339. 

' Ibid. 26, 446; see also Griner, Ann. de Chim. et de Phys. 
2], 26, 305. 
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amide, benzamide, formamide) two isomers; this 
would be expected from the formula . 

CH3(7HC1CC1,(7H(0H)NHC2H30. 

But that crotonchloral should be recovered from 
this in two isomeric forms is inexplicable. 

C. TRANSFORMATION OF ISOMERS WITH SEVERAL 
ASYMMETRIC CARBON ATOMS 

As has been stated, compounds containing a 
single asymmetric carbon, form, on heating, an 
inactive mixture corresponding to the state of stable 
equilibrium. 

It is otherwise with compounds containing two 
or more asymmetric atoms. It is evident that here 
too the inactive mixture corresponds to the state of 
equilibrium ultimately attained ; but this final state is 
reached in two phases, since in general one of the 
two asymmetric groups is converted faster than the 
other. Sometimes, indeed, the conversion of one 
group may be complete when the other is still 
unaltered. Beginning, then, with the compound 
+ A + B, we shall get first a mixture of + A + B and 
+ A— B. It is by no means necessary that the 
quantities of the two products formed at the end of 
the first phase should be equal, for the two molecules 
which are not images of each other are in general of 
different stability. It is therefore not strange if 
almost the whole mass becomes converted into 
+ A— B, the direction of the rotation being perhaps 
reversed. In fact, this has been found to take place. 
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And first let us recall Pasteur's ^ words concerning 
the transformations in the quinine group : 

* Let us consider the three isomers, quinine, quini- 
dine, and quinicine. Quinine is left-handed, quini- 
dine right-handed, both to a considerable degree. 
Quinicine is right-handed, but, compared with the 
others, very slightly so. The logical, I had almost 
said the inevitable, explanation of these results is 
the following : The quinine molecule is double, and 
consists of two active bodies, of which one is strongly 
left-handed, the other very slightly right-handed. 
This latter is stable on heating, resists transformation 
into the isomeric group, and, persisting unaltered in 
quinicine, imparts to this the weak right rotation. 
The other group, which, on the contrary, is strongly 
active, becomes inactive when quinine becomes 
converted by heating into quinicine. Accordingly 
quinicine would be nothing else than a quinine in 
which one group has become inactive. Similarly 
quinicine would be a quinidine in which one group 
has become inactive ; but in quinidine this strongly 
active group is right-handed instead of left-handed 
as in quinine, and still combined with that slightly 
active and stable group which, persisting in quinicine, 
imparts to this the slight right rotation. I could 
repeat this word for word with reference to the 
isomers, cinchonine, cinchonidine, and cinchoniciue, 
which are constituted like the related quinine 
isomers; for they present exactly the same relations.' 

The only difference between these views and those 

^ CompL Rmd, 87, llO, 
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developed above is that in the latter nothing has 
been said about the so-called groups. 

As examples of transformations resulting from 
change in one of the asymmetric atoms, may be 
mentioned : 

Borneol. — Prepared from ordinary camphor, the 
product is a mixture in which the left borneol 
predominates ; on heating, almost the whole of this 
modification is transformed (this is the reason why 
Montgolfier called it unstable) and produces ordinary 
right-handed borneol, the sign of the rotation being 
reversed. 

Menthol. — This compound, which contains two 
aHymmetric carbon atoms, 

/\ 



H^C CO 

\/ 

HCCH3 

bohavoH in the same way. Beckmann * observed a 
ininHforniation from left to right rotation on heating 
to IW in presence of sulphuric acid. 

Gluconic and mannonic acids present, according 
to I^'irtclH^r," tluj Hame peculiarities, an analogous 
tninHfornuitioii occurring on heating them with 
(|uinoliiu\ Only here in the final condition both 
inonu^rH \\\\\ \)\\m\\\i together, whereas in the former 
rxiunpli^H oiu^ of tlioni almost vanished. Here, too, 

> A MH. 960, addi ' Ber, 28, 800. 
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have been investigated by Bischoff in his study of the 
bisubstituted succinic acids possessing the sym- 
metrical formula, C02H(CHX)2C02H. Such are the 
dibromo- and isodibromo-succinic acids, dimethyl-,' 
diethyl-,^ diisopropyl-,^ and diphenyl-succinic * acids, 
with their derivatives, ethers, anhydrides, &c., which 
also form isomers. Recent additions to the list are the 
dimethyldioxyadipic acids,* (C02H.CH3.(7.0H.CH2)2, 
and the thiodilactylic acids « (C02H.CH,.(7H)2S. 

Although up to the present none of these isomers 
has been divided, yet there is such an intimate con- 
nection between their formulae and those of the 
tartaric acids that it is difficult to doubt of ultimate 
success. We have only to substitute methyl, &c., 
for the hydroxyl of the tartaric acids, and it is more 
than probable that the isomeric relations of these 
acids will survive the substitution. 

To this class belong also hydro- and isohydro- 
benzoin, CgH5((7HOH)2CgH5, with some derivatives 
and homologues.^ These are comparable with tar- 
taric acid, the carboxyl group being now replaced. 
Finally, we must mention the bromides of nitrostil- 
bene, N02C6H4(CHBr)2C6H4N02,' and also bi- and 
isobi-desyl, CeH,(CHCOC6H5)2C6H,.» 

> JBer. 18, 846, 2368 ; 20, 2736 ; 21, 3170 ; 22, 66, 1821. 
2 Bischoff and Hjelt, Ber. 20, 2988, 3078 ; 21, 2089 ; 22, 67 ; 
28, 650. 

* Hell and Mayer, Ber. 22, 56. 

* Reimer, Ber. 14, 1802 ; 16, 2628 ; Ossipoff, Compt. Bend. 109, 
223; TUlmanns, Ann. 258, 87 ; 259, 61. 

* Zelinsky and Isajew, Ber. 29, 819. ^ Loven, Z.c. 1132. 
' Auwers, B&r. 24, 1778. » Bischoff, Ber. 21, 2074. 

* Endvenagel, Ber. 21, 1359 ; Garett, 21, 3107 ; Fehrlin, 22, 553. 
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No. 6 No. 6 No. 7 No. 8 



*• ■ - » 



-+ +- +- +- 

+ - +- -+ - + 

+ - -+ +- - + 

+ - -+ -+ +- 

If symmetry exists the two isomers marked No. 1 
become identical and inactive ; the same with No. 8 ; 
the pair No. 2 coincides with No. 5, and No. 3 with 
No. 4. Hence we have ten isomers, of which two 
are inactive and indivisible, while the other eight be- 
long to fom: types. Now, in the case of mannite, 
CH20H(CHOH)4CH20H, we have : 

Left and right (ordinary) mannite,^ [«]/)= + 0'03 ; 
with boric acid, more strongly right-handed. 

Left and right (ordinary) sorbite,^ slightly active ; 
with borax, [a]^=l-4. 

Dulcite, inactive, indivisible.^ 

In the case of the corresponding saccharic acids, 
indeed, all the six tjrpes exist : 

Left and right (ordinary) saccharic acid, [a]y,= 8° ; 
as lactone, 38°.^ 

Left and right mannosaccharic acid, shghtly 
active ; as double lactone, 202°.^ 

Talomucic acid,^ [«]/,> +24° ; as lactone, < + 7°. 

Mucic acid, inactive, indivisible.^ 

Allomucic acid, inactive, indivisible.® 

> Kiliani, Ber, 20, 2714. « Fischer and Stahel, Ber. 26, 2144. 
3 Ber. 26, 2564, 1247. * Tollens's KohUhydrate. 

* Ber, 24, 541, 3628. « Fischer, Ber, 24, 3622. 

' Fischer, l.c. 25, 1247. « Fischer, he, 24, 2136 
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CHAPTEE IV 

DETEBMINATION OF THE POSITION OF THE 
BADICAL8 IN 8TEBE0MEB8 

When the number of the isomers actually existing 
(which, in the cases we have been considering, may 
be called stereomers) agrees with the theory, we are 
confronted with a problem like that which we have 
to solve in the aromatic series, when we assign to 
each of three derivatives one of the three sjrmbols 1, 2, 
1, 3, 1, 4. At present this problem can be solved only 
partially : which of the two enantiomorphous formulae 
corresponds to, say, the left-rotating compound, is 
undecided. When, however, there are several 
carbon atoms the case is different. We have already 
mentioned such types. In the case of tartaric acid, 
e.g. (p. 76), the symbol 

COgH 

HCOH 

HCOH 
CO^H 

was chosen on account of its symmetry as the ex- 
pression for the 'inactive indivisible type,* while the 
two other formulsB remained for the right- and left- 
acids ; to decide between these last is, however. 
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impossible. It is especially in the sugar group that 
the determination of configuration, in this sense, has 
been carried out by Fischer.^ In now discussing the 
special data and results, since we can choose the 
formula for the type only, and not for the right- or 
left-handed product in question, we find that the 
number of sjrmbols to be distributed is reduced hy 
half, which greatly simplifies the discussion. In 
what follows, therefore, the mirror-images, such as 

CO^H CO2H 

HCOH HOCH 

HOCH HCOH 

CO2H CO^H 

represent the same tartaric acid — in this case the 
active one. 

In order now to facilitate the review^ of the sugar- 
derivatives we will take in succession first the 
simplest, the tetroses, COH(CHOH)2CH20H, then 
the pentoses, COH((7HOH)3CH20H, and finally the 
glucoses, COH((7H.OH)4CH20H. Then we have 4, 
8, and 16 isomers, or 2, 4, and 8 types, and the first 
two are directly connected with the tartaric acids, 
their symbols being 

H2COH H2COH 

HCOH HCOH 

HCOH ^^^ HOCH 

COH COH 

and the substances represented by the first symbol 
giving inactive, indivisible tartaric acid, those re- 
presented by the other giving the left- or right- 

' Ber. 24, 1836, 2684. 
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x;id. This tetrosehas been recently obtained from 
jrabinose.* 

The following table gives, so to speak, the develop- 
aent of the pentoses and glucoses from these two 
Btroses, according to the experimental results of 
Ciliani and Fischer. 







Tetroses 


(Ofifi,) 






I 




II 






H,COH 


H,COH 






HCOH 


HCOH 






HCOH 


HOCH 






OCH 




OCH 




(corresponds to inactive 


(corresponds to active 


tartaric acid) 


tartaric acid) 






Pentoses 


(OsH^oO,) 




A 




B 


A 


B 


HjCOH 




H2COH 


H2COH 


H2COH 


HCOH 




HCOH 


HCOH 


HCOH 


HOOH 




HCOH 


HOCH 


HOCH 


HCOH 




HOCH 


HOCH 


HCOH 


OCH 




OCH 


OCH 


OCH 


Hibose 




Arabinose 


Lyxose 


Xylose 






Glucoses (CgHi^Oa) 






lA 




IB 




a 




fi 


a 


fi 


KjCOH 




H2COH 


H2COH 


HjCOH 


HCOH 




HCOH 


HCOH 


HCOH 


HCOH 




HCOH 


HCOH 


HCOH 


HCOH 




HCOH 


HOCH 


HOCH 


HCOH 




HOCH 


HCOH 


HOCH 


OCH 




OCH 


OCH 


OCH 


AUomucic 




Talomucic 


Saccharic acid 


Manno- 


acid 




acid 


Glucose saccharic 






Talose? 


Sorbite 


Mannose 
Mannite 



» Fischer, .^er. .86, 740. 



G 2 



84 



STEREOCHEMISTRY OF CARBON 





Glucoses (CJELiJOg)— continued. 






II A 


II B 




a 


P 


a 


3 


H^COH 


H2COH 


HjCOH 


HjCOH 


HCOH 


HCOH 


HCOH 


HCOH 


HOCH 


HOCH 


HOCH 


HOCH 


HOCH 


HOCH 


HCOH 


HCOH 


HCOH 


HOCH 


HCOH 


HOCH 


OCH 


OCH 


OCH 


OCH 


Mucic acid 


Talomacio acid 


Saccharic acid 


Idosaccharic 


Galactose 


Talose 


Gulose 


acid 


Dulcite 




Sorbite 


Idose 



Idite 

The respective tetrose or pentose is enriched by 
CHOH, by addition of hydrogen cyanide, conversion 
of cyanogen into carboxyl, and, finally, reduction of 
the resulting acid (or rather of its lactone), the group 
OCH being converted successively into HOCHCN, 
HOOHCOgH, and HOCHCOH. The formation of 
two isomers is then indicated by the symbols ; they 
are distinguished in the case of the pentoses 
by A and B, in the case of the glucoses by a 
and 0. 

It is noteworthy that, thanks to the recent re- 
searches of Wohl,^ the process has been carried out 
in the opposite direction, the oxime HOCHNOH 
being formed, and hydrogen cyanide removed from 
this by ammoniacal silver oxide. 

We have now to find for each of the known 
isomers its place in the table. 

Pentose group.— In the first place we have to refer 
the four pentose types to the symmetrical acids. Of 
the three possible tjrpes, 

» Ber. 56, 740. 
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co^ 


CO,H 


COjH 


HCOH 


HGOH 


HCOH 


FCOH 


HCOH 


HOCH 


HCOH 


HOCH 


HCOH 


CO,H 


UOjH 


COjH 



only the second is active, accordingly, for arabinose, 
which on oxidation yields this acid, the choice lies 
between : 

CH^OH COH 

HCOH HCOH 

HCOH and HCOH 

HOCH HOCH 

COH CH2OH 

i.e. between I B and H A in the table. 

Now, in the Kiliani-Fischer reaction arabinose 
yields glucose and mannose,^ which therefore are 
represented either by I B a, ^, or by II A a, 13, By 
oxidising these to the symmetrical acids, 

COj^(CHOH)4C02H, 

we get saccharic and mannosaccharic acids ^ respec- 
tively; both are active, which agrees only with 
I B a, )8, since II A a would give an inactive isomer. 
Accordingly the arabinose formula must be I B : 

H2COH 

HCOH 

HCOH 

HOCH 

OCH 

» Ber. 23, 799. . - IbU. 24, 539. 
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while to the recently discovered lyxose ■ "which yields 
mucic acid (II A o) on oxidation we assi^ the for- 
mula II A : 

HjCOH 
HCOH 
HOCH 
HOCH 
OCH 

Now, from arabonic acid, HjCOH(HCOH),COjH, 
which corresponds to arabinose, we get, on heating, 
ribonic acid,^ and we must assume that the trans- 
formation takes place in the neighbourhood of the 
highly oxygenated carboxyl-group. Kibonic acid is, 
then : 

HjCOH 

HCOH 

HCOH 

HCOH 
CO^ 

Further, the configuration of adonite,' 

CH20H(OHOH),CHjOH, 

the reduction-product of ribose, must be taken as 
corresponding with the above ; while for xylite * and 
xylose the last possibility remains : 

HgCOH 
HCOH 
HOCH 
HCOH 
OCH 

< Ber. 29, 581. < Ibid. 4214. > Ibid. 26, 636. ' Ibid. 24, 528. 
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As for lyxonic acid, which corresponds to lyxose, 
it is obtained from xylonic acid just as ribonic from 
arabonic acid, by a transformation in the neighbour- 
hood of the carboxyl group. The formula above 
given for lyxose is thus confirmed. 

In the group of the pentoses, of the correspond- 
ing pentatomic alcohols, alcohol acids, and trioxy- 
glutaric acids, all the configurations are, then, deter- 
mined: 



Bibose. 




Arabinose. 


Ribonic acid. 




Arabonic acid. 


Adonite (inact.). 




Arabite (act.). 


Inact. trioxygl. 




Act. trioxygl. 


H^COH 




HjCOH 


HCOF 




HCOH 


HCOH 




HCOH 


HCOH 




HOCH 


OCH 




OCH 


Lyxose. 


Xylose. 


Lyxonic acid. 


Xylon 


ic acid. 




XyUte 


(inact.). 


Act. trioxygl. 


Inact. 


isomeric trioxygl 


H^COH 




HjCOH 


HCOH 




HCOH 


TTOCOH 




HOCH 


HOCOH 




HCOH 


OOU 




OCH 



Olncose group. — It has already been mentioned 
that glucose and mannose have the formulae I B a, 
)8. The choice is rendered possible by the fact that 
the same saccharic acid which results from the 
oxidation of glucose is obtained also from an 
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isomeric gulose ; * only the formula I B a admits of 
such an isomer, and therefore the configuration of 
mannose and gulose, of mannosaccharic and sac- 
charic acid, is at once settled, as well as that of the 
corresponding mannite and sorbite, which are formed 
on reducing mannose ^ and glucose ^ respectively. 



uoose. 


Mannose. 


Onlose. 


cchario acid. 


Manno-sacoharic aoid. 


Sacohario acid. 


rbite. 


Mannite. 


Sorbite. 


HjCOH 


F^COH 


HjCOH 


HCOH 


HCOH 


HCOH 


HCOH 


HCOH 


HOCH 


HOOH 


HOCH 


HCOH 


HCOH 


HOCH 


HCOH 


o(;h 


0(5 H 


OCF 



At the same time this determines the configura- 
tion of levulose. The constitution is, according to 
Kiliani, H2COH(H(70H)3COCH20H. Now, as this 
yields on reduction sorbite and mannite ^ : 



HjCOH 


H,COH 


HjCOH 


HCOH 


HCOH 


HCOH 


HCOH 


HCOH 


HCOH 


lOCH 


HOCH 


HOCH 


HCOH 


HOCH 


CO 


HjCOH 


H^COH 


H.COH 


Sorbite. 


Mannifce. 


Levulose. 



it must possess the third formula. 

Olncose group, mncic acid derivatives. — Since it is 

1 Fischer, Ber. 24, 621. « Ber. 23, 366 ; 24, 639. 

' Meunier, Delachanal, Compt Rend, 111, 49i 61. 
» Ber, 28, 2611. 
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proved that mucic acid, C02H(H(70H)4C02H, and 
the corresponding dulcite belong to the * inactive 
indivisible type/^ we have only to choose between 
the two following configurations for the acid : 

CO2H CO2H 

HCOH HCOH 

HCOH , HOCH 

HCOH HOCH 

HCOH HCOH 

CO,H CO2H 

Then we have for galactonic acid, 

CH,0H(CH0H)C02H 

(and galactose), two possibilities. Now, this acid is 
converted into talonic acid (and talose) by heating 
the quinoline- and pyridine-salt,^ and the trans- 
formation must be supposed to take place in the 
HCOH group next to the carboxyl. Talonic acid is 
accordingly : 



HjCOH 




H,COH 


HnOH 




HCOH 


HCOH 


f\f 


HOCH 


HCOH 


Ul 


HOCH 


HOCH 




HOCH 


COjH 




COjH 



But this determines the configuration of the 
talomucic acid obtained by oxidation. Of the four 
active types we have now determined three, saccharic 
acid by the configuration of glucose, mannosaccharic 

» Ber. 26, 1247. « Ibid. 24, 1841. 
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fL ThB2 gtudoat^ by mems dP its osazone, can be 

-5L ThBiixiBzmixefcHinsoiioxidatioiiinaiiiioseand 

4. Thu c^ncose. on being treated according to the 
iBeoihad of Eitisxd-Fischer, gives a glQcoheptonic acid 
in r«~o isomeis. of which one forms on oxidation 
an inacdre, indirisiUe poito^pinielic acid,' and so 
on. 

' B«r. St, M. < Daleft, Q^ 17, 227. 

> f^eher, Amm. TIO, 61. 
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- CHAPTEE V 

THE UN8ATUBATED CARBON COMPOUNDS 

I. Statement of the Fundamental Idea 

Historical.— In planning this chapter for the new 
edition, it was of special importance to make plain 
the present position of the theory. 

Having hitherto considered chiefly the derivatives 
of methane, CH4, we have now to do with those of 
ethylene, CgH^. The problem is here more comph- 
cated, since there are now six atoms whose relative 
position is to be considered, whereas before there 
were only five ; and accordingly we find the position 
of affairs less satisfactory. 

With regard to the asymmetric carbon atom, Le 
BePs conceptions and mine led to the same result. 
There was here at least the possibility of a difference. 
My fmidamental idea was the tetrahedral grouping, 
that is to say, any force — cause so far unknown — 
proceeding from the carbon atom and tending to 
drive the groups united with carbon as far away 
from one another as possible, that is, to bring them 
into the tetrahedral position. Although it did not 
necessarily follow that the tetrahedron must be 
regular because the mutual action of the different 
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groups might vary its form somewhat, yet the ten- 
dency to form the regular tetrahedron remained, and 
in the case of identity among the groups, as in CH^, 
the tendency was reahsed. 

To Le Bel, the asymmetry of the tetrahedron 
with different, and the symmetry with identical 
groups, seemed established, CH^, e.g. might be a 
regular four-sided pyramid, with carbon at the sum- 
mit and the hydrogens at the comers of the square 
base.^ 

At present this cannot be decided. So that as 
regards methane derivatives we are practically 
agreed. 

"With substituted ethylenes the case is different. 
I had at once concluded, as will presently be set forth 
in detail, that the four groups are in one plane, in 
which lie the carbon atoms also ; here, then, there 
is never any possibility of dissymmetry but only of 
another kind of isomerism, like that of fumaric and 
maleic acid. To Le Bel the question seemed an 
open one ; experiment would have to decide. It was 
only after some time ^ that, influenced by the re- 
searches of Kekul6 and Auschiitz, he declared himself 
in favour of my view. 

But later another change occurred. Doubts arose 
in Le Bel's mind on account of indications of 
asymmetry, i.e. optical activity among substituted 
ethylenes. He had observed^ that a solution of 
citraconic acid, CH3C(C02H)=CH(C02H), acquires 

' Bull. Soc. Chim. [3] 8, 788 ; Compt Rend, 114, 304. 
2 Bull. Soc* Chim. 37, BOO. » Ibid. [S] 7, 164. 
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activity through the growth of fungi. If active 
citraconic acid had been thus formed, the activity of 
ethylene derivatives was proved ; it was found/ 
however, that the activity was due to the formation, 
by addition of water, of methyhnalic acid 

CH. CH3. COgH 



(7H. OH. CO2H, 

and this no doubt accounts for the active product 
fonned in the case of mesaconic acid also; allyl 
alcohol and a-crotonic acid gave no active product ; 
the results in the case of fumaric and maleic acid 
-were doubtful. 

There could be adduced then only the supposed 
activity of styrolene, CgH5.HC=CH2, and of chloro- 
fumaric andchloromaleic acid, C02H.C1C=CH.C02H 
(Parkin).^ My researches (p. 20) had, however, 
alreiEiidy rendered the activity of styrol very doubtful, 
and presently Walden*s^ investigation showed the 
observation of Perkin to be positively incorrect. It 
remains only to state the facts which make the 
activity of ethylene derivatives seem to me improb- 
able. 

In the /first place there are numerous ethylene 
derivatives occurring in nature, among them such 
as have two different groups attached to each of the 
two carbon atoms ; tiglic acid, 

CH3CH = C(CH3)C02H, 

and numerous compounds of the oleic series, fumaric 

> Le Bel, Bull. Soc, Chim, [3] 11, 292. 

« J. Chein. Soc. Trans. 1888, 696. « Ber. 26, 508. 



96 STEREOCHEMISTRY OF CARBON 

acid, cinnamic acid, coumaric acid, anethole, asarone, 
pipeline. They are all inactive. 

In the second place I may mention the statements 
pubUshed long since as to the formation of ethylene 
derivatives from active compomids; the activity 
uniformly disappears : 

Inactive fmnaric and maleic acids from active 
maUc acid ; 

Inactive chloro-fmnaric and maleic acids from 
active tartaric acid ; ^ 

Inactive crotonic acid from active /8-oxybutyric 
acid ; ^ 

Inactive fmimrol from active arabinose and 
xylose ; ^ 

Inactive coniferyl alcohol from active coniferine. 

In the third place, fmnaric acid could not be 
divided by Auschiitz and Hintze,^ v^hile, according to 
a private communication from Walden, the grovsiih 
of microbes in maleic acid gave a similar negative 
result. 

Finally, at my request, Liebermann has converted 
his active cinnamic acid dibromide, 

C,H,(CHBr)2C02H, 

at a lovsr temperature, into bromo-cinnamic acid, 
C.H.CBrCHCOgH, and Walden his active chloro- 
Hucciiiic acid into fumaric acid. Both derivatives 
proved inactive. At present, then, no reason for a 
change of opinion is apparent. 

' van 't Hoi!, Jier. 10, 1620. Walden, Ix. 

« DoiclunUUor, Szymanski, Tollens, Ann. 228, 95. 

- md, M9. 104. 
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Belative position of the gronps attached to doubly 
linked carbon ; cessation of free rotation. — The funda- 
mental idea that the four groups connected with 
carbon occupy the comers of a tetrahedron, requires, 
in order that it may be applied to doubly linked 




carbon, a clear conception of the nature of this 
linkage. As to this, we assume that the relative 
position of the two connected tetrahedra corresponds 
with that which we assumed in the case of the 
single bond ; but now two corners of the tetrahedron 
play the part which formerly was reserved for one 
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Farther, having regard to the now universally 
assumed equality of the carbon affinities, each of the 
two tetrahedron corners must play in the act of 
combination a perfectly identical part. In order to 
arrive at the grouping corresponding to this view, 
we must find that relative position of the tetrahedra 
which lies half-way between the two cases of single 
linking in which the one or the other pair of comers 
is joined. Let us consider, then, a conapound, 
CEiRg^CEgE^r, and represent it in the two different 
forms which are obtained if we leave the group GR^B,^ 
in the same position, but attach to it the groups r 
and CEgR^r in two different ways, as shown in figs. 
8a and 8b. 

Passing now to the unsaturated compound 
CRiR2=CR3R4, we have to eliminate the two r 
groups and to place CEgR^ in a position half-way 
between the two cases, This position is easily 
perceived if we unite the two cases in a single 
figure (9). In fact we arrive at the intermediate 
position shown in fig. 10, in which the groups E3 
and R4, and R,, Eg are in one plane, with regard to 
which the two positions shown in fig. 9 are sym- 
metrical. 

Graphic representation. — The grouping thus arrived 
a;t can- be represented with the utmost simphcity by 
using the following formula : 



KgCIv^ 
Prediction of cases of isomerism. — Besides the 
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above-described relative position of the four groups 
Bj, Rg, Kg, II4, there is another, which also satisfies the 
conditions laid down, but yet is not identical with 
the first. The groups E, and Eg may lie in one 
plane with Kg and E4, each joined to the same 
carbon atom as before, but with the difference that 
Kj is opposite E4, and E^ opposite E3 : 

EjCEg 



E4CE3 

Consequently there must be here an isomerism 
unforeseen by the old formulae, and it is clear that this 
isomerism must be expected in every case where the 
groups attached to the same carbon, Ep Eg and Eg, E^, 
are different, and this whether the groups attached to 
different carbons are alike or not, so that e.g. the same 
isomerism would occur in the case of CEiEgCEiEg. 

II. Confirmation of the Fundamental Idea 

Oeneral cliaracter of the isomerism to be expected 
in the case of donbly linked carbon. — In the first 
place we must call attention to the nature of this 
isomerism, because a marked difference is to be ex- 
pected between this and the isomerism due to the 
presence of asymmetric carbon. For, according to 
the views just set forth, there is here neither 
dissymmetry nor enantiomorphism in structure, 
so that we should not expect either the rotatory 
power, in opposite directions in the two cases, nor 
the peculiar hemihedral crystalline form which 

h2 

96411 
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accompanies this optical behaviour ; and, as we shaU 
see, these two properties are altogether lacking. But 
we must expect to find a profound difference in the 
other properties of the two isomers. Whereas there 
was in this respect complete identity between the 
two isomers of opposite activity, an identity 
harmonising perfectly with the assumed equality of 
their molecular dimensions, this identity must for 
the very same reasons be lacking in the present case, 
because on the one hand we must assume a difference 
in the physical properties in general (difference in 
the quantities a and h of van der Waals' theory), in 
specific gravity, melting- and boihng-point, solubility, 
&c., while, on the other hand, a chemical differenceis 
to be expected, that is to say a difference in stability, 
heat of formation, &c.^ 

We may classify the cases coming vsdthin this 
category as follows : 

A. SIMPLE ETHYLENE DERIVATIVES 



Monochloropropylene ^ 
Bromopseudobutylene 
Crotonylenebromide * 

4 

Tolanechloride * 
Tolanebromide * 



CH3CHCI = CH., 
CHjCBr = CHCH, 
CHaCH^CBr = CHBr 
CHXBr = CBrCH, 



C«H,CC1 = CClC.Hs 
C«H,CBr = CBrC«H 



'6-"S^ 



' A marked physiological difference has been observed by Fodera 
(Ref. Chem, Ztg, 19, Bepertorium 407). Injection of maleic acid 
kills a dog quickly, whereas the like quantity of fumaric acid has no 
poisonous action. As to differences in refractive and dispersive 
power, see Briihl, Bet. 29, 2902. 

* Wislicenus, Ber, 20, 1008. « Holz, Ann. 260, 230. 

^ Faworsky, Joum. f. prakL Chem. 1890, 149. 

" Zinin, Ber. 4, 288 ; Limpricht, ibid, 379 ; Blank, Ann. 248, 
20 ; Eiloart, Am. Chem. J. 12, 231. 
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j-DinitrostObene ^ . . . . CgH^NOaCH = CHCgH^NOg 

^piol and IsapioP .... C9H9O4CH = CHCH, 

AjiethoP CeH.OCHjCH = CHCH3 

Nitrostyrol* CeH^CH = CHNO^ 

B. UNSATUBATBD MONOBASIC ACIDS (ACBYLIC ACID 

SEBIES) 

iS-bromacrylio aoid ^ . . . CHBr = CHCO2H 

|3-iod« „ „ . . . . CHIsCHCOafl 

Purfuraciylic acid .... CHC4HgO = CHCOgH 

Crotonio and isocrotonic acid . . CH,CH = CHCOjH 

iS-ohloro- „ „ ,, ' . CHjCCl = CHCOjH 

«-chloro- „ „ „ « . CH,CH = CClCOgH 

B- and)3-brom-acid^ . . . CH3CH = CBrCOsH 
B-thioethyl, thiophenyl, and thio- 

benzyl acid ^ 
Bromomethacrylic acid *® 



Tiglic and angelic acid " . 
Hydrosorbic acid '^ . 
Hypogseic and gaidic acid 
Oleic and elaidic acid 
Brucic and brassic acid ^^ 



CH,C(SC2HJ = CHCO2H 
CHBr = C(CH3)C02H 
CH3CH = C(CH3)C02H 
CsH^CH = CHCOJH 

CH3CH = cu(c,,n^o,) 

CH3CH = CH(C,,BL«,02) 
CH3CH = CH(C„H3,02) 



C. AROMATIC MONOBASIC ACIDS (CINNAMIC ACID 

SEBIES) 

Cinnamic and isocinnamic acid ^* . CJSfiH = CHCO2H 

a-bromocinnamic acid ^ '* . CgHjCH = CBrCOgH 

8- „ „ „ ''^ . . PeH.CBr = CHCO2H 

Dibromocinnamic acid »« . . . CeHjCBr = CBrCOgH 



» Bischoff, Ber, 21, 2073 ; Thiele and Dimroth, ibid. 28, 1411. 
2 Ciamician, ibid. 1621. » Beilstein. * Ber, 19, 1936. 

* Michael, ibid, 1385. « Stolz, ibid. 542. 

' Mirbaoh, ibid, 1384 ; Authenrieth, ibid, 29, 1645, 1670. 

8 Wislicenus, ibid, 20, 1008. 

9 Authenrieth, ibid, 1631 ; 29, 1639. 

»» Fittig, Ann, 206, 16. " Ibid. 216, 16. 

>« Ibid. 200, 51 ; Ber, 16, 618. 

•» Holt, ibid. 24, 4126. »* Liebermann, ibid. 28, 141. 

»» Erlenmeyer, ibid, 19, 1936. ^» Eoser, ibid, 20, 1676. 
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CW CABBON 
CACH :=OCIOOJi 
SOfifiJCa = OCPpHJCOsH 

g;A(<«)ch = GHoo^ 

qjH^OMeJGH =: GHGO^ 
•- and ji-frvr&offiqpKDr adi " . . iCAPJGH <= CH(G^«O0 ^ 

. CUB/a = G(OOGEgCH/X)^ 

D. DIBASIC ACIDS (FUXABIC ACID SBBIBS) 

. oogDCH = cHoogs 
. oo^GS = croo^ 

. OQ^O(OH) = G(OH)G02H 
. CH/XX)tcH = GHOO^ 
GH^jOOQ^ = CXSH^CO jB. 

. OQ^C(qA) = c{CA)co^ 

Perhaps in some of the ahove cases it is not 
estabhshed to the satis&ction of everyone that both 
isomers possess the same constitution ; and in a few 
cases the existence of the isomerism is questioned. 
On the other hand some isomers have probably been 
overlooked, and all chemists, even those who are 
opposed to stereochemical conceptions, are convinced 
that with doubly linked carbon, when the attached 
groups are diflferent, isomerism results. 

Camphoric acid (see p. 60) is included in the list 
because it is possible that the four known isomers 
are due to a combination of asymmetry with double 
linkage. 

> Pldchl, Ber, 16, 1946. 2 Roser, ibid, 2348. 

» Fittig, Arm. 206, 16. * ibid, 216, 171. 

• Erdmann, Und. 268, 130. 

• Fenton, J. Chem, 80c, 1896, 546. ' Fittig, Ber. 29, 1842. 

• Exists only as the anhydride, pyrocinchonic acid. 

• Bttgheimer, Ber. 16, 1626. 
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ALLYLENE TYPE — SECOND CASE OF OPTICAL 

ACTIVITY 

The following prediction may here be repeated 
verbatim from the earlier edition. 

The combination (E,E2)C = C = CCEgE^) is 
represented in fig. 11. Here, too, we shall have 
two isomers, as follows from the difference between 

R* 



tf 




Fig; 12. 



R* 



B' 



R' R* 

Fig. 13. 



figs. 12 and 13, figures which result from the apphca- 
tion of the graphic method above mentioned. The 
conditions with regard to the equality or difference of 
the attached groups are the same as in the preceding 
case. The models of the isomers are in this case 
enantiomorphous. 

It is evident that the case of 

(EiB2)C = C = C = C(E3E,), 
or, in general, 

(EjE2)G=C2n = C(E3E4), 
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is the same as the case of 

(R^R^C = CCRjR,). 

Of combinations of this kind there always exist 

two isomers when there is a difference between the 

groups Rj and Rj, as well as between Rg and E^. 

The models of the isomers are not enantiomorphous. 

On the other hand, the case of 

(R.R^C = C = C = C = CCRgRJ, 
or, in general, 

(R.R^C = C^ , I = C(R,R^, 
is the same as the case of 

(RjR2)C = C=C(R3RJ. 
Thus, of these combinations also, there are 
always two isomers when there is a difference between 
Rj and R2 as well as between R3 and R^. The 
models of the isomers are enantiomorphous. 

Treble linkage. — Two carbon atoms, trebly linked, 
which, according to the ordinary formulae, are ex- 
pressed by the symbol C = C, may, 
on the hypothesis of the equality of 
the bonds, be represented by two 
tetrahedra having three corners in 
common, and therefore having a 
surface of each coinciding, so that 
they form a double three-sided 
pyramid (fig. 14). R, and R^ are 
the monad groups by which the two 
free aflSnities of the system are 
saturated. In this case a differ- 
ence in the relative position of the saturating 
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groups is not possible, and the possibility of iso- 
merism is, in accordance with the prevalent views, 
excluded. 

ni. Determination of Eelative Position in 
Unsaturated Compounds 

Whereas, for the isomers of opposite rotatory 
power, it is at present impossible to decide which 
structure a given modification possesses, the state of 
things is much more favourable in this respect for 
isomers which have a double bond, like fumaric and 
maleic acid. For these substances the question 
was settled at the outset, and it is due principally to 
the development of the subject by J. Wislicenus ^ 
that considerations of this kind have met with 
general recognition. We have to do in particular with 
two principles which seem capable of solving this 
problem, viz. with the mechanism of addition which 
forms and transforms the isomers, and with the 
mutual influence of the groups within the molecule. 

As regards the mechanism of addition we can 
use the same principle which governs every deter- 
mination of chemical structure by the aid of the for- 
mation and transformation of known compounds, and 
which consists in the assumption that in chemical 
processes the atomic structure remains as far as 
possible unaltered. 

According to this principle, then, it must be 
expected that on making an addition to bodies with 
a triple carbon linkage, two of the three connected 

» Ahhandl. der Konigl Sdchs, Oes, 1887. 
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pairs of comers will remain unaltered.* Hence 
follows that acetylene dicarboxylic acid, 

C(C02H)C(C02H), . 
e.g. on addition of bromine, will yield the compound 

COaHCBr 

II • 
COaHCBr 

In opposition to this Bandrowski ^ had proved the 
formation of dibromofumaric acid. But Wishcenus, 
guided by these theoretical views, repeated the 
experiments and showed that, in fact, dibromomaleic 
acid is formed. 

Later these experiments were taken up by 
Michael ; ^ in a detailed paper, where the theory in 
question is critically discussed, the formation of 
dibromomaleic acid up to 28 or 33 per cent, is con- 
firmed, but there was found also about double the 
quantity of the isomeric substance. The objection 
arising from the formation of this latter is, however, 
as Wislicenus also observes, not important ; it is 
well known, in fact, with what ease maleic acid 
changes into fumaric ; ^ under the influence of light 
and a trace of bromine, I have myself seen this 
transformation ensue so rapidly that it was possible 
to take a photograph in fumaric acid from the solu- 
tion of maleic acid ; moreover, in Michael's experi- 
ments the status nascens has to be taken into 
account. 

> van 't Hoff, Ettides de dyn. chim. 1884, 100. 

2 Ber. 12, 2122. » J. prakt. Chem. 46, 210. 

* Compare Wislicenus, Ber. 29, Ref. 1080. 
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In the case of addition to substances with a 
•uble linkage, the principle above-mentioned de- 
ands that, of the two connected pairs of corners, 
16 shall remain unaltered. If, then, we add 
rdroxyl to fumaric and maleic acid we obtain * 
Dm 



COjHCH 




HCCO^H 


HCCOjH 


or 


CO2HCH 


id 






COjHCH 

1 
COjHUH 


or 


HCCOjH 
HCCOjH 


e compounds 






OH 




OH 


COJBOH 
HCCO^H 


or 


HCCO^H 
CO^HCH 


OH 




OH 


La 

OH 




OH 


COjHCH 

CO^CH 

OH 


or 


HCCOjH 
HCCO2H 
. OH 



-that is to say, we get racemic acid in the first case, 
id inactive tartaric acid in the second case. And 
lis has actually been proved to be the case by 
ddation with permanganate of the acids men- 
oned.^ 

If, on the other hand, a saturated compound 
3Comes unsaturated, the constitution of the resulting 

* Lagerung der Atome im Raume^ p. 40. 

« Kekul6 and Anschiitz, Ber. 18, 2150 ; 14, 713. 
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body may be foreseen in an analogous way. We 
may consider the isodibromosuccinic acid ^ which is 
prepared by the addition of bromine to maleic acid, 
and hence has the formula : 

Br 
HCCO2H 
HCCO2H * 

Br 

Let us abstract hydrobromic acid, writing the above 

formula in a slightly different way, in order the 

better to follow the result : 

H 
COaHCBr 
HCCO2H ' 
Br 

it is then clear that we shall obtain bromofmnaric 

acid : 

CO^HCBr 



HCCO2H 

The result is noteworthy. By addition of bromine, 
and subsequent splitting off of hydrobromic acid, 
one passes from the maleic to the fumaric series. 
This transition is perfectly general and has been 
uniformly confirmed by observation. 

Of course, as in other cases where molecular 
structure is to be determined, this reasoning, which 
is based on the stability of a molecule undergoing 
partial rearrangement, encounters facts apparently 
contradictory. Of these some, as in the above 
observation by Bandrowski, have been explained by 

' Etudes de dyn. chim. p. 100. 
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the discovery of a secondary change. For other 
cases the explanation is yet to be found. We may 
mention, as of special interest, the conversion of the 
isodibromosuccinic acid, made from maleic acid into 
racemic acid,^ and that of right-handed tartaric acid 
into chlorofmnaric acid^ (by the action of phos- 
phorus pentachloride ^). 

Such objections, to the number of forty-six, have 
been recently collected in the above-mentioned paper 
by Michael. But their value as a means of judging 
what has just been said is considerably diminished by 
the two following observations : 

1. All the objections amount to this, that instead 
of the product to be expected, another results which 
is more stable under the conditions of the experiment, 
but in such a case a secondary transformation, 
masking the main result, is always possible, even in 
cases where this secondary action cannot be directly 
realised, for we have to take into account the status 
nascens. 

2. All the objections refer to halogen derivatives. 
Now, the experiments with active compounds men- 
tioned on p. 49, and also the reactions on p. 67, 
show that when e.g, dichlorosuccinic acid is formed 
from tartaric, phenylbrom- and chlor-acetic acid 
from maUc acid, a transformation occurs. Here, too, 

* Anschiitz, Ann, Chem, Pharm, 226, 191 ; V. Meyer, Ber. 21, 
264. 

2 Eauder, J,prakt Chem. 81, 33 ; Perkin, J. Chem. Soc. 1888, 
645. 

' This substance has, however, a peculiar property of reversing 
the position of groups in a molecule. See anUt p. 47. 
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the chlorine compounds once formed are stable, as 
is shown by the fact that activity is possible (p. 24) ; 
during their formation, however, transformation 
occurs. The practical conclusion to be drawn from 
Michael's work amounts to this, that in the cases 
investigated by him transformation easily takes place, 
and this is always to be expected where halogens are 
concerned ; proof * for ' or * against ' the views above 
stated is therefore to be sought in cases where 
halogens are as far as possible excluded. Fischer in 
the cases mentioned (p. 82) has done this. with most 
favourable results. 

Let us now consider the mutual influence of the 
groups forming the molecule, so far as this can 
contribute to a determination of the structure of the 
isomers. 

First, there is the question of stabiUty. Just as 
our theory explained the perfectly equal stability of 
the two isomers of opposite activity by the absolute 
identity in the dimensions of the molecule, so it 
foresees that in general the unsaturated isomers will 
differ in stability, because it assumes a difference in 
their analogous dimensions. 

Of the formulae : 

' II II 

it may, generally speaking, be maintained that, say, 
the second represents the more stable modification if 
there is reason to suppose that Ej exerts a stronger 
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attraction on E^ and Kg on Eg. Thus, for fumaric 
acid, stable in comparison with the isomeric maleic 
acid, the formula : 

HCCO2H 
CO2HCH 

seems justified. 

Apart from the difficulty of comparing these 
attractions, we have here to take the temperature 
into account. Sijice. a rise in temperature is 
generally opposed to the ordinary action of chemical 
affinities, it may happen that at a given temperature, 
possibly at the ordinary temperature, a transforma- 
tion occurs in the sense opposed to that expected, 
the latter occurring only at lower temperatures. 
The absolute criterion of stability is, therefore, not 
the transformation at a given temperature, but the 
larger heat of formation. As is well known, on 
lowering the temperature the isomer with the 
greater heat of formation will always predominate. 

Moreover there are reactions which enable us to 
judge as to the distance of two groups in a molecule. 
If in one isomer two of these groups easily undergo 
a simultaneous conversion, while in the other the 
opposite takes place, we may assume that these 
groups are nearer together in the first case. For 
example, maleic acid readily forms an anhydride 
through the interaction of its two carboxyl groups,^ 

' Substitution of a methyl group for one or more of the hydrogens 
attached to carbon in maleic acid facilitates the closing of the ring, 
— formation of an anhydride. The same thing is observed in the 
case of succinic and glutaric acids. In other cases, however, the 
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and is thus distinguished in a very striking way 
from the isomeric fumaric acid. The former, there- 
fore, has the formula 

CO^CH 

II . 
CO^CH 

in which the two carboxyls are near together. 

presence of methyl prevents the ring formation. Sometimes, indeed, 

in a compound containing several methyl groups, it is easier to bring 

about a molecular rearrangement than a simple iing formation. 

Thus, instead of 

OH, 



CH,Cv 

l^o 



CH,c/ 
CH, 
I 

we may obtain 

CH, 
CH,gCH, 
CHjCiO 
II 

To account for such apparently irreconcilable observations Bischoff 
has applied his * dynamic hypothesis,* according to which those con- 
gurations are the most favoured in which the components can 
oscillate most freely. Now, like atoms will have like paths of oscil- 
lation, and will therefore be the most prone to collide ; in a favoured 
configuration, then, they must be far removed from one another. 
Hence configuration II above, in which this condition is fulfilled as 
regards the methyl groups, is more stable than configuration I. 

Where, on the other hand, the methyl groups cause closure of 
the ring {e.g. pyrocinchonic acid, CHgCCOv it is again their 

CH3CC0/ 

effort to gain room for their oscillations which causes them to crowd 
together the hydroxyl groups, so that expulsion of water with ring 
formation follows. For an account of the dynamic hypothesis, see 
Bischoil and Walden, Handbuch der Stercochetnie, Frankfurt a. M. 
1893-94. Bechlwld.—Tr, 
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These diagrams explain also how it is that the 
same inosite can result from isomeric methyl deriva- 
tives, pinite and /8-pinite. It may be observed 
parenthetically that isomers in considerable variety 
are to be foreseen here, and are perhaps to be found 
in scyllite, in phenose, &c. 

Filially, hexahydro-o-toluylic acid, 

|<CH3 

Lh 

has been obtained by Goodwin and Perkin junJ in 
two modifications representing the cis ^ and trans ^ 
configurations. 

Tetrahydrobenzene derivatives. — Starting from the 
derivatives of hexamethylene, to which the application 
of stereochemical conceptions is simple, we gradually 
arrive — using Baeyer's investigations on the tetra- and 
di-hydrides of terephthalic acid — at the complicated 
state of things presented by the benzene nucleus. 

Thus, if in the isomeric tetrahydro derivatives we 
assume a double bond, it is easy to see that the 
following two forms must exist : 

CO2H HCO2H 

II I II 

Hg Hg Hg H 

\^ \^ 

HCO2H HCO2H 

■ J. Chem, 80c, 1895, i. 119. 

^ These terms were introduced by Baeyer to distinguish the 
isomer in which the substituents are on the same side, from that in 
which they are on opposite sides of the ring. 



114 



STEREOCHEMtSTRY OF CARBON 



CHAPTEE VI 

RING FORMATION 

The chapter devoted to ring formation in the 
original pamphlet was omitted in the first German 
edition, for at that time the isomerism of v. Baeyer's 
hydro- and isohydro-meUitic acids was the only case 
in point. Since then, however, this branch of the 
subject has, especially through v. Baeyer's researches, 
gained so much in extent and interest that an 
approximately systematic treatment of the whole is 
possible. We observe that here too the historical 
development has kept pace with the complexity of 
the problem. After the methane derivatives had 
been dealt with, came the ethylene and finally the 

polymethylene compounds. 

Eings of three members. Tri- 
and trithio-methylene. — Starting 
from the tetrahedral grouping, 
I developed, in the pamphlet 
referred to, the annexed con- 
figuration for the trimethylene 
derivatives, remarking that a 
transposition of the two groups 
R, and Rg* which are attached to the same carbon, 
would bring about an isomerism approximating to 
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tliat-el iiknaric and maleic acids, i.e. to tiiat of ^i- 
metKylene derivatives. 

Since then two isomeric trimethylene dicarboxylic 
acids/ CH2.CHCO2H.CHCO2H, and three isomeric 
phenyltrimethylenedicarboxyhc acids,^ 

CHCeHvCHCO^H.CHCO^H, 
have in fact been discovered. 

To render the discussion clearer the scheme given 
above may be transformed in a way readily intel- 
ligible, and the isomerism possible in the case of the 
trimethylenecarbonic acids may be represented in 
the following way : 

COgH CO2H COjjH H 




CO2H 



/. 



Thus we have three possibilities, of which tli6 
second and third are non-superposable images, and 
must therefore possess opposite activity. Of the two 
knovsni isomers, it is possible then that one may be 
divisible. If now a methylenehydrogen be replaced 
by phenyl, as in phenyltrimethylenecarboxylic acid, 
the first scheme leads evidently to two possibilities 
according as phenyl is placed above or below ; the 
second and third schemes give, in this case, only a 



» Buchner, Ber, 28, 702. 

^ Buchner and Dessauer, ibid, 25, 1148. 



I 2 



116 STEREOCHEMISTRY OF CARBON 

single isomer each, and these also are mirror images 
of each other. Of the three isomers found, then, one 
should be divisible. 

Thus, although the isomerism is not analogous 
to that of f umaric and maleic acid, but rather, in the 
first case at least, to that of inactive tartaric acid 
and racemic acid, it must be remembered that the 
first kind of isomerism is to be expected, as the 
figure indicates, only when all the methylene groups 
have undergone similar substitution. Such deriva- 
tives have not been prepared from methylene ; but 
in the case of trithiomethylene they have been 
thoroughly investigated, and in accordance with the 
above figure they may be represented thus : 

H 




H H 

And Baumann and Fromm * have been led by their 
work on the trebly polymerised thioaldehydes and 
thioacetones, which probably have the constitution 

(E,E2)C S CCE.E.) 

V 

to the following conclusions : 

1. When the groups Ej and Eg are ahke, as in tri- 
thiomethylene (from methylaldehyde) and trithiodi. 
methylmethylene (from acetone), no isomerism occurs. 

' Ber. 84, 1419. 
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2m Two isomers occur when the groups are dif- 
ferent, as in the aldehyde thio-derivatives of acetyl, 
benzoyl, anisyl, methylsalicyl, isobutylsalicyl, and 
cinnamyl.^ 

The observed isomers would in this case exactly 
correspond to the configurations given in my first 
pamphlet, of which one is reproduced above (fig. 15), 
and the other here (fig. 16) . The main point to notice 
is that here isomerism exists 
without asymmetry; that is, as 
with fumaric and maleic acids, 
no division is to be expected. 
The plane of symmetry lacking 
in the second and third tri- 
inethylenedicarboxylic acids re- 
presented above is here present.^ 

* Bat later researches show that for substituted aromatic alde- 
hydes this holds good only when the substituting group is positive 
or indi£Ferent. When it is negative no isomerism is observed. Thus 
there exists only one tri-thio derivative of the following ; methoxy- 
benzaldehyde, benzoylmethoxybenzaldehyde, methylmetoxybenz- 
aldehyde, paroxybenzaldehyde, benzoylparoxybenzaldehyde, vanillin 
(but methylvanillin yields the isomers), benzoyl vanillin, gentisin- 
aldehyde, metanitro-, anis-, and cumin-aldehyde, dinitroanisaldehyde 
(Womer, Ber. 29, 139). 

' It is evident that if the radicals RjRj are in the plane of the 
trimethylene ring there must be three inactive trimethylenedicar- 
boxylic acids, of the formula CH2.CHCOOH.CHCOOH. 




CO2HV.H 



Hv yCOfl 



CO2H 



\" 


V 


H 


CO,H 




\ 



H CO2H. 



H 



H H 

Whereas we have seen that according to the tetrahedron hypothesis 
there can be only two inactive isomers, of which one should be 
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named, possess one characteristic in common. 
Bodies containing a chain of several connected 
carbon atoms are sometimes capable of remarkable 
transformations, arising from a preference for inter- 
action between distant groups. To give an example. 
Among the oxybutyric acids it is precisely that one 
which most readily forms a lactone which has the 
carboxyl and hydroxyl groups apparently furthest 
removed from one another, namely, 7-oxybutyric 
acid, CO2HCH2CH2OH. The anhydride results, 
then, from the interaction of the two outermost 
groups with loss of water. This phenomenon is 
general ; the 7-oxy-acids, which have three carbon 
atoms between hydroxyl and carboxyl, are always 
those which display a special tendency to lactone 
formation. 

Now, our theory, so far from seeing any difficulty 
in the interaction of groups attached to the carbon 

atoms of a long chain, finds here, 
if not a direct confirmation, at 
least the indication of such. 
Let us represent the grouping of 
several carbon atoms according 
to our views. The first carbon 
atom, Cj, with the two groups it 
Fig 17 connects, will be at the comers 

of an isosceles triangle, the angle 
at A being, according to the dimensions of the tetra- 
hedron, 35°. The second carbon atom, Cg, with the 
connected Ci and Cg, will be arranged in an abso- 
lutely identical fashion. The same holds for a third 
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atom, C3, for a fourth, C4, and so on. Now, it is plain 
that the distances A Cg, A Cg, A C4, which represent 
the distances of the groups connected with the first, 
with the first and second, and with the first and 
third atoms, do not continually increase. 

On the contrary, since the ratio of these distances 
is expressed by 

sin 2 A: sin 3 A : sin 4A : sin 5 A=l : 1-02 : 0*67 : 007, 
there must ensue, as the figure also shows, a consider- 
able decrease in the distances in question. 

After these general considerations, let us pass on 
to the discussion of details. 

With regard to Baeyer's ^ views, we note first 
that this author assumes in the closed-chain poly- 
methylenes a symmetrical arrangement of the carbon 
atoms, and compares the angle which two carbon 
atoms make with a third connected with them, with 
the angle Cg Cj A of fig. 17. Now, according as we 
have to do with hexa-, penta-, tetra-, tri-, or di- 
methylene, this angle is ] 20°, 106°, 90°, 60°, or 0°, 
while the angle G^ C^ A of fig. 17 is about 109°. The 
difference is, then, 11°, 3°, 19°, 49°, and 109° respec- 
tively, and in this difference the author sees an 
approximate expression of the tendency to satura- 
tion. In support of this view may be mentioned 
the extraordinary difficulty of saturating hexa- 
and tetra-methylene ; whereas trimethylene unites 
wdth bromine, though not with hydrobromic acid. 
In the case of dimethylene even the action of iodine 
suffices to bring about saturation. 

» Bar. 18, 2278. 
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The benzene derivatives admit of similar treat- 
ment,* which, however, is influenced by the fact that 
the relative position of the six carbon atoms is here 
not quite settled. We assume Kekul6's hypothesis, 
according to which double and single bonds alternate, 
and compare with benzene those analogous closed 
chains of five to eight carbon atoms, which may be 
assumed from the valence of carbon, namely, 

(CH)„ (CH)4CH2, (CH)„ (CH)eCH„ and (CH)^. 
To this end let us place side by side the sums of 
the angles which our theory requires when two 
carbon atoms are joined to a third (about 109° in 
the case of a single, and. 125° in the case of a double 
bond), with the sums of the angles of a closed poly- 
hedron : 



Formula 



(CH), . 
(CHj^CH^ 
(CH)„ . 
(CH)«CH, 
(CH)« . 



Sum of the angles 



4x125 = 500 
4x125 + 109= 609 
6x125 = 750 
6x125 + 109= 859 
8 X 125 = 1000 



Polyhedron 
angles 



300 
540 
720 
900 
1080 



Difference 



140 

69 

30 

-41 

-80 



We see that, in fact, the greatest approximation 
occurs in the case of benzene, which accounts for the 
stability of this substance as well as for the fact 
that up to the present the others have not been 
prepared. 

* Wunderlich, Kofifiguration organischer Molekille ; van 't Hoff 
Maandblad voor Natuurwetenschappen^ 7, 150. 
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CHAPTEE VII 

NVMEBIGAL VALUE OF THE BO TAT OBI POWEB 

Whereas thus far we have spoken only of the 
absence or presence of rotatory power, we have 
now to do with the magnitude of the rotation. It is 
ab-eady a considerable time since such determinations 
began to be made, and (as the expression of the 
quantitative relation) the so-called molecular rotation 
was chosen — that is, the specific rotation, a,* 
multiplied by the molecular weight (and for short- 
ness divided by 100). The chief results so obtained 
are, firstly, the statement of Mulder, Krecke, and 
Thomson 2 that the molecular rotations within 
certain groups of substances bear a simple ratio to 
one another ; and, secondly, the observation of 
Oudemans and Landolt that different salts of the 
same active base or acid in dilute aqueous solution 
possess the same molecular rotation. Such con- 
siderations have gained a new interest for stereo- 
chemistry since Guye ^ and Crum Brown ^ attempted 

^ Botation caused by 1 decim., the substance being supposed 
present in this column with the density one. 

* Zeitschr. f. Chemiey 1868, 68 ; Zeitschr. /. prakt Chem. 1872, 6 
6 ; Ber. 1880, 1881. 

* TMseSj 1891 ; Ann. Chim, et Phys, [6], 26, 146. 

* Proc, Boy. Soc. Edinb. 17, 181. 
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to connect the magnitude of the rotation with the 
nature of the groups attached to the asymmetric 
carbon atom ; accordingly the facts bearing on the 
question are here given in detail. 

I. Comparison of the NumericaIi Results. 
Necessity of an Examination in Dilute 
Solution and of taking into account the 
Molecular Weight 

It was a priori certain that the relation between 
the groups attached to the asymmetric carbon and 
the rotation must be such that when two groups 
become identical the rotation vanishes ; but in at- 
tempting to go beyond this we are at once met by 
the difficulty that the magnitude of the rotation 
depends on the wave-length of the Ught, on the 
solvent, and on the temperature. The first thing is, 
then, to determine the conditions in which com- 
parable numbers may be obtained. 

And here it seems most essential to avail our- 
selves of the light thrown on the subject by the new 
conception of the nature of solutions. 

It is certainly inadmissible to use simply the 
figures obtained by an examination of the substance 
without special precautions, because the size of the 
molecule is then uncertain, and the magnitude of 
the rotation seems to be specially influenced by every 
change of constitution. In this connection it is 
important to remember the fact recently discovered 
by Eamsay,^ that, of fifty-seven liquids examined, no 

» Chem. Soc. J. 1893, 1098. 
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less than twenty-one possessed double molecules, 
among them the alcohols, acids, nitro-ethane, aceto- 
nitrile, and acetone. Another objection is that the 
rotation is generally influenced by the solvent, and, 
indeed, by every solvent differently, perhaps in con- 
sequence of the four groups attached to carbon being 
differently attracted. If the substance be used alone, 
without solvent, its own molecules may be supposed 
to exert a similar influence, an influence displayed 
most prominently in the formation of crystals, and 
which, in the case of strychnine sulphate, e.g,, leads 
to the almost complete annihilation of the rota- 
tion. 

The objections mentioned disappear completely 
only when the substance is examined in the state of 
rarefied gas. As this is impracticable we are driven 
to adopt some other means, and thus arrive naturally 
at the state of dilute solution. It is also indispens- 
able, of course, to take into account the molecular 
weight, which can then easily be determined ; while 
the comparability of the results will evidently be by 
far the greatest when the same solvent is chosen for 
the different cases. 

The influence of wave-length and of temperature 
seems not to be important if the circumstances of 
each case are duly taken into account. The anoma- 
lous rotation-dispersion in the case of, say, tartaric 
acid in aqueous solution — which is such that the 
rotation changes its direction with the colour — is 
evidently connected with phenomena of equilibrium 
which affect the tartaric acid in the solution ; it was 
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also found by Biot in a mixture of right- and left- 
handed substance. The same holds for the great 
alteration in the rotation of tartaric acid when the 
temperature, the concentration, or the solvent is 
changed. All these phenomena are connected to- 
gether and only make necessary a careful use of the 
figures obtained, but are no argument against the 
existence of relations between rotation and constitu- 
tion in general. 

II. EoTATORY Power of Electrolytes. Law 

OF Oudemans-Landolt 

Active bases. — In perfect harmony with the new 
views of the nature of aqueous solutions — according 
to which electrolytes undergo, at a sufficient degree 
of dilution, a division into ions until, as Arrhenius 
pointed out, a limit is reached — stands Oudemans' 
observation concerning salts of active bases and 
acids. At a sufficient degree of dilution the mole- 
cular rotation of quinine, e,g,, is independent of 
the salt observed. The following table (p. 137) gives 
the results obtained by Oudemans^ and also by 
Tykociner ; ^ it gives the specific rotation [fijni 
observed at 16° C, and calculated for the base. 

It may be remarked here that the equahty of 
rotation which Wyrouboflf^ recently showed to exist 
in solutions of isomorphous sulphates and selenates 

. ' Rec. des Trav. Chivi. des Pays-Bas, 1, 18, 184. 

2 Ix. 1, 144. For nicotine, Schwebel, Ber, 16, 2860 ; Carrara, 
Oazz, Ghim, 23, [2], 693. « Ownyt Bend. 116, 832. 
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Oademans-Landolt law to be predicted, and sees 
in the equality of rotation of the different salts 
the consequence of the existence of the same ions. 
Table II., then, may be condensed thus : 

>'/# for the ion COO(CHOH)sCO0 43° i 

CO0(CHOH),CO^ 29* / ^^^ ^* 

CO0CHOHCH/X>0 14« 

GO0CHOHCH/X)l^ . 9* 



»t •• »• ft 

•• »• •* n 

»• »• «» n 



„ „ „ „ CH/)HCH6HCOO 22° 

„ „ „ „ CObCHOCH/JHjCOO 15** 



** *t T* tf 

»» »t »• It 



CO0CHOCH,CEV)0,H 29** f ^^^' ^* 

coOcHoae^cHjCoO 23 



o 
o 



, „ CO0CH0CACH,C0^ 37o|l>iff. 14 

From this we see at once that, when the rotation 
alters on dilution, only the values at the limit are to 
be taken, and doubtful cases may be decided by a 
determination of the conductivity — i.e. of the mole- 
cular weight — accompanying the observation of the 
polarisation. Then the objection recently brought 
by Frankland against Oudemans* law, based on the 
abnormally large rotation of tartar emetic, at once 
breaks down ; for this salt, according to determina- 
tions of the molecular weight and to the chemical 
reactions, is present in solution in a form quite 
diff(irent from the other tartrates.* 

Alcoholic solutions of electrol3rtes. — Of alcoholic 
solutions, at least some have been investigated. It is 
probable that here division into ions is not of such 
frequent occurrence. Also, the results vary more (for 
quinates,'^ e.g., they lie between —9° and —40°, while 
in water the extremes are —43° and —49°) ; how- 

* Hadrich, Zeit^cJir. f. physik. CJiem. 12, 476. 
'* Cerkez, Co7npt. Beiid. 117, 173. 
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ever, the hydriodide, perchlorate, and nitrate of 
quinamine are equal. All that is to be inferred from 
this is that here, as in other instances, bodies capable 
of undergoing division into ions often, without being 
actually divided, show in their physical properties 
an approximation to the products of division. 

The influence which may be exerted by electro- 
lytic dissociation is evident from the following 
conspectus of the results in alcohol and in water 
which contains the limiting values obtained for 
various salts : 



Alcohol 

1 


Diff. 
6 


Water 


Diff. 
1 


Quinamine salts . 


' 130 to 135 


117 to 118 


Conquinamine . 


200 „ 234 


34 


228 „ 229 


1 


Quinidine . 


233 „ 255 


22 


322 „ 329 


7 


Ginchonine . 


206 „ 240 


34 


268 „ 289 


1 


Ginchonidine 


-114 „ -161 


47 


176 „ 180 


4 


, Quinic acid salts . 


-9 „ -40 


31 


-43 ,,-49 


6 


Quinine sulphate 


-212 




-279 




: Nicotine acetate . 


- 66 




+ 13-8 





The change of sign in the case of nicotine salts 
(with the sulphate ^ also) is of especial interest. 

III. EOTATION OF ImPEEFECT ElECTEOLYTES. 

Oeganic Acids 

These substances demand separate treatment 
because, representing as they do the transition stage 
between electrolytes and non-electrolytes, they 
exhibit — in aqueous solution at least — complicated 
phenomena, which, however, have already been 
partially accounted for. In view of the alteration of 

* Nasini, Gagz. CAtw. 1893, 43. 
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the molecular conductivity and of the lowering of 
the freezing-point with the concentration of tiieir 
solutions, it is evident that water e£fects a funda- 
mental change in their molecular structure — dissocia- 
tion, in fact. The salts, especially those of strong 
acids and bases, show this at degrees of dilution 
which admit of an optical examination, and then 
Oudemans' law holds. With the acids this is not 
the case. 

While, e,g., the non-electrolyte sugar,^ at a 
strength of from 70 to 0*2 per cent., shows a scarcely 
noticeable alteration of [a]2,= 64*5 to 65-2, and for 
disodium tartrate^ the rotation for concentrations 
(c) between 5 and 15 per cent, is expressed by 

[a]^^=27-85-0-17 c (25-3 to 27), 

for tartaric acid ^ we have 

[a]^25=i4.98 _ 0-1303 c (8-5 to 14-3) 

between c =50 and 5; while the rotation between 
47 per cent, and 0*35 per cent, rose from 14*2 to 16*3 
(at 20°). Malic acid even changes from left to right 
according as dilute or concentrated solutions are used.* 

The laws which govern these complex phenomena 
are the following : 

1. The alteration in rotation effected by change 
of concentration is parallel with that effected by 
change of temperature, dilution and rise of tempera- 

» Schmitz, Tollens, Ber, 10, 1414, 1403; PHbram, Sitz,-Ber, 
preuss, Akad. 1887, 506. 

'^ Hesse, Ann. Chem, (Liebig), 176, 122. 

' Arndtsen, Ann, Chim. et Phys. [3], 64, 403 ; Pribram, Ix. 

* Schneider, Ann. Chem, 207, 257. 
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ture acting in the same direction, as in general both 
have the same effect on dissociation. For sugar ^ 
and the tartrates ^ the alteration with the tempera- 
ture is scarcely perceptible. 

With tartaric acid,^ warming, like dilution, effects 
a rise ; 

Temp. 40 per cent. 20 per cent. 10 per cent. 

O*' a^= 6-53 an= 8*66 a^= 9-95 

100*^ „ =17-66 „ =21-48 „ =2397 

In the case of malic acid, Pasteur found in the 
dilute left-handed solution an increase of rotation to 
the left on warming, which is the result Schneider 
obtained by dilution. With mandelic acid Lewko- 
witsch^ observed a decrease in the rotation on 
diluting and on warming; with rhamnose Tollens 
found the same thing. 

2. The change of rotation with the concentration 
is parallel with that effected by the solvent, so that 
the rotations in other solvents approximate to those 
in concentrated aqueous solution. Tartaric acid, 
which in water gradually rotates less to the right as 
the concentration increases, exhibits in other solvents 
now a weak right-handed rotation, now even left- 
handed rotation, as in alcohol.^ 

3. The change of rotation on dilution is in the 
direction of the numbers obtained for the (acid) salt, 
and appears to be limited by these numbers. It is, 
again, in the case of tartaric acid that the subject has 

» Tuchschmid, J, prakt Chem. [2], 2, 235. 

2 Krecke, Arch. Neerl. 7, 97. ^ Ber, 16, 1567. 

* Ann, Chem, (Liebig), 271, 64. 

» Pfibram, Wien. Acad, 97, 460. 
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i)een most thoronghly investigated. The gradual 
increase of [aj^^ from 8-5° to 14" 3** between 50 and 
") per cent, is evidently in the direction of the value 
loiind for the acid salt, 29** ; PHbram, indeed, obtained 
lor 0-3o per cent. [a]fl^=16*3°, and Krecke at 100" 
And LO per cent, observed 23-97^. 

Malic acid, right-handed in the concentrated 
solutions iTO per cent. [a]^=-|-3'34) and left-handed 
in .iihite sokitions (8*4 per cent. [a]i,= — 2-3), also 
shows an approximation to its (left-handed) salts; 
though their i^extreme) value ([a]^==— 9) jg not 
attained. 

Lactic acid, the right rotation of which is 
diminished by dilution (21*24 per cent. [a]2,=2-66: 
15*7o per cent. [tf]x>=*^*06)> possesses accoardingi; 
left rotation in its salts. 

4. The acids which undergo no change of rotation 
on dihition are also those which rotate as strongly 
as their acid salts. Methoxy- and ethoxy-succinic 
acids ' f.xhibit rotations which scarcely alter with 
the c^'mcentration : 

Mfttho^y-acid 11 per cent. » = 33*3*' 5-6 per cent. [•]!> = S5** 
Rthoxy-acid 11 ., „ = 33° 5*6 „ „ = 32-5® 

Th(!So numbers are almost the same as those ob- 
tained for the acid salts, viz. [a]^=29** and 37^ 
rosp(!otively. 

F^'or qiiinic acid,^ also, the rotation is the same, 
from 2 to 53 i)er cent. [a]y,= — 439°, while for the 
Halts it is — 49"". 

' Clicm. 8oc. J. Trans. 1893, 217, 229. 
« IIosBo, Aim. Chcm. (Liebig), 176, 124. 
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The rotation of shikimic acid^ also alters but 
little (36-26 ^per cent. [a]^= -204° ; 4-03 per cent. 
[a]2,= — 183*8°), while for the ammonium salt it is 
-189°. 

The hypothesis of electrolytic dissociation ex- 
plains these facts to this extent, that it demands 
that dilution of an acid and salt formation shall bring 
about equal activity, since both cause the formation 
of the same ion. For dibasic acids the same holds 
for the acid salts, because dilution of these acids first 
liberates a single hydrogen atom. 

Evidently, however, there is something else con- 
cerned besides electrolytic dissociation, and that is 
the point of attack offered to the carboxyl group in 
another part of the molecule, as appears from the 
following. 

5. Great change of rotation on dilution manifests 
itself specially with the oxy-acids. Malic acid is 
remarkable in this respect. The change of rotation 
which we have observed to characterise this acid is 
no longer found in methoxysuccinic acid and in the 
corresponding ethyl derivative, nor in chlorosuccinic ^ 
and acetylmalic ^ acids. 

COjHCHOHCKjCOjH 70 % [a] /, = + 3-34° 8-4 % [a]jj = - 23° 

CO2HCHOCH3GH2CO2H .11 „ „ = 33-3° 6-6 „ „ 33° 

COjHCHOCjHsCHgCOjH 11 „ „ = 33° 6-6 „ „ 32-6° 

CO2HCHCICH2CO2H 16 „ „ = + 20-6° 3-2 „ „ + 21-3° 

CO2HCHOC2H3OCH2GO2H 16 „ „ = - 11° 3-2 „ „ - 10° 

Thus when the hydroxyl group disappears the 

' Eykman, Ber. 24, 1280, 1297. '' Ber. 26, 215. 

' Guye, Arch, Sc* phys, naU [3], 29, 430 ; Colson, Compt Bend, 
116, 818. 

L 
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rotation becomes more constant. The pecidiar part 
played by this group is, however, still more plainly 
manifested in the gradual change which often occurs 
in oxy-acids after a change of concentration or of 
temperature. This was first observed in the case of 
lactic acid,* the rotation of which decreased on 
simple standing of the freshly prepared solution ; it 
was recently proved in the case of glyceric acid,* and 
is due to etherification or lactone formation, as 
Wislicenus showed. This will be considered in the 
next section. 

In the oxy-acids, then, the alteration of the rota- 
tion on dilution may be due to a phenomenon akin 
to lactone formation, which also is probably in- 
fluenced by electrolytic dissociation. Finally, several 
acids, and not oxy-acids only, possess a double mole- 
cule,^ and accordingly on changing the concentration 
they may break up in a way which will afifect the 
optical examination. Comparable results for acids 
are therefore scarcely to be obtained except by an 
investigation of dilute solutions of the alkah salts. 

IV. Influence of Eing Formation on Eotation 

The interaction of several of the groups attached 
to the asymmetric carbon atom, which may be accom- 
panied by ring formation, appears to have a quite 
extraordinary influence on the magnitude and the sign 
of the rotation. In the phenomena mentioned above 

' Wislicenus, Ann. 167, 302. 

« CJietn. Soc. J. Trans. 1893, 296. 

> Bineau, Bamsay, ibid. 1893, 1098. 
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we have already had indications of this, and below 
the fundamental facts are given. 

Lactone formation. — The change of rotation was 
first observed in the case of lactic acid, 

CH3CHOHCO2H [a]„= +2° and +3°, 
while the lactone CHgCH — CO (lactid) has the 

enormous rotation [a];,= — 86°.^ The same change 
has been observed for glyceric acid,^ and in the sugar 
group has indeed become a simple test to distinguish 
between the isomeric saccharic acids,^ e.g.^ of which 
one forms a lactone, a second a double lactone, a 
third no lactone. The following table illustrates this : 



TiACtone formation 


[o]jr; of the acid 


[a]j5 of the lactone 


Arabonic acid, 






C02H(CH0H)3CH20H 


< - 8-5 * 


- 73-9° * 


1 Bibonic acid, „ 


Cd salt + 0-6° « 


- 18° 5 


Xylonic acid, „ 


-7° 


+ 21°'* 


Gluconic acid, 






C02H(CH0H),CH20H 


- 1-74° « 


+ 68-2° ' 


Galactonic acid, „ 


< - 10-56° « 


- 70-7° « 


Mannonic acid, „ 


weak ^ 


+ 53-8° » 


Saccharinic acid, CgHigOg . 


Na salt - 17-2° 


+ 93-6° '» 


Isosaccharinic acid, „ 


left-handed 


+ 62° •» 


Bhamnonic acid, „ 


- 7-67° 


- 38-7° " 


Talomucic acid, 






C02H(CH0H),C02H 


>+ 24° 


< 7°^' 


Saccharic acid, „ 


+ 8° 


-r 38° ^2 


Mannosaccharic acid, „ 


weak* 


+ 201-8° 






(Double lactone) '^ 



» Wislicenus, Ann, 167, 302. ^ Chem, Soc. J. Trans. 1893, 296. 
3 B&r. 23, 2614. * Ann. Chem. (Liebig), 260, 313. 

* Ber, 24, 4217-4219. « Ann. Chem. (Liebig), 271, 78-86. 

7 Ber. 23, 2626. « Ibid. 23, 2992. 

» Ibid. 22, 3218. '» Tollens, Kohlehydrate, 293-295. 

»» Ber. 24, 3628. " Tollens, Kohlehydrate, 309. *' Ber. 24, 641. 

L 2 
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Wliere the figures, especially those for the acid, 
are uncertain, because they are strongly influenced 
by the time and probably also by the concentration, 
we cannot avoid the conclusion that lactone forma- 
tion exerts an influence equally profound ; for lactic 
acid the difference amounts to about 90^, for arabonic 
acid to 70° or more, the same for gluconic acid, for 
saccharinic acid 100**, and for the double lactone 200°. 
If the acids had been investigated as sodium salts, 
and the lactones pure, some relation would perhaps 
have been found.* 

Multi-rotatioiL — The phenomenon at first known 
as bi-rotation — ^where immediately after solution a 
rotation is observed, which for glucose is twice as 
large as afterwards — ^has been shown by further in- 

' As the result of an investigation made in accordance with this 
suf^gcstion, the following table has been published. Here the 
' molecular rotation ' is the specific rotation multiplied by the mole- 
cular weight and divided by 1000. 





Molecular rotation 




Add 






Diflsrence 




Ion 


Lactone 


llibonio 


+ 0-2 


-3-0 


3-2 


Gluconic (d) 
Miinnonic (dandl) 


+ 1-3 to + 1-8 


+ 11 to 12-1 10-8 to 9-2 


+ 2 


- 9-5 to - 9-8 11-7 


Haccharinic . 


- 1-1 


+ 16-3 to + 151 16-3 


lHi)Ha(;charinio 


- 11 


+ 10-2 11-3 


Saccharic (d) 
MannuHacuharic . 


- 2-e 


+ 7-3 to + 8-0 9-9 to 10-6 


+ 0-2 


+ 351 to + 35-6 35-2 






(Double lactone) 


a-lihaninohoxonic 


+ 1-3 


+ 16-1 to -t- 16-6 15-0 


a-Olucuhoptonic . 


+ 1-6 


- 10-9 to - 11-5 1 12-8 


(hilonio (d and 1). 


± 2-7 


± 9-9 12-6 

1 



S»H> W. Albevda van Ekenstein, W. P. Jorissen, and L. Th. Reicher, 
y.i'ihohr, 2>hyiiik, Ohem. 81, 888. 



NUMEBICAL VALUE OF THE ROTATORY POWER 149 



vestigations, especially those of ToUens,^ to be a 
change of rotation which only in the case of glucose 
amounts to a decrease of about one-half ; in other 
cases there is, indeed, an increase. 



notation 


Initial 
106-2 


Final 


Dextrose, CH,0H(CH0H),C0H . 


62-6 


Galactose, „ 


117-5 


80-3 


Levulose, CHjOHCO(CHOH),CH20H . - 104 


-921 






(- 53 at 90°) 


Lactose, GijHjjOn 


82-9 


62-5 


Maltose, „ ... 


118-8 


136-8 


Arabinose, CH20H(CH0H)3C0H 


156-7 


104-6 


Xylose, „ 


78-6 


19-2 


Bhamnose, CgHisOf 


. - 31 


+ 8-6 


Saccharin, „ ... 


. + 92-7 


+ 87-6 



The phenomenon of multi-rotation corresponds 
completely to that observed in the case of the lactone- 
forming acids ; if these (galactonic acid, e.g.) are set 
free from their salts in solution, the gradual change of 
rotation manifests itself here also,^ only it proceeds 
faster in the case of the acids. Moreover, the lactone- 
forming bodies and those possessing multi-rotation 
are most intimately related to one another; the 
aldehydes exhibiting multi-rotation — glucose, galac- 
tose, arabinose, xylose, rhamnose — correspond to the 
lactone-forming acids, gluconic and saccharic, galac- 
tonic, arabonic, xylonic, and rhamnonic acids. 

Then the multi-rotating compounds and the oxy- 
acids have the hydroxyl and carboxyl groups in com- 
mon. Finally, since the lactone formation, which is 
accompanied by the closing of a ring, in general 

» Ann., 257, 160 ; 271, 61. 
« Tollens, Ber, 23, 2991. 



150 STEREOCHEMISTRY OF CAHBON 

brings about an increase of rotation, and in the cases 
now under consideration (maltose excepted) there is 
a decrease, there is perhaps here a ring opened up. 
Thus xylose may have been at first 

CH20HCH(CHOH)2C(OH)H, 
' ' 

and later, HOCH2(CHOH)3C(OH)2H, corresponding 
to CH20H(CHOH)3COH.' 

And it may be observed that the marked changes 
of rotation with the concentration and temperature, 
observed with glucose, galactose, and rhamnose,* 
and especially with levulose and the lactone-forming 
acids, are to be attributed to changes of equihbrium. 

Other internal anhydrides. — There are other 
isolated cases of great change of rotation through 
ring formation which are also related to lactone 
formation. 

Propyleneglycol ( ~ 4° 55' 22 mill.) changes the 
sign of the rotation on being transformed into 
propyleneoxide (+1° 10' 22 mill.).^ The same is 
the case with left diacetyltartaric acid, a2)= —19-23, 
which forms a right-handed anhydride, aj)= -j- 62*04.'* 
Finally, phenylbromolactic acid yields a much 
stronger phenoxacrylic acid of reverse rotation."^ 

^ In the case of glucose, according to Trey, hydration does not 
take place (Zeitschr, physik. Chem. 18, 193). 
'^ Tollens, KohUhydrate, and Ann. 271, 61. 
« Jahresher. 1881, 613. 

* Ibid. 1882, 856. [This change of sign does not occur with 
acetylmalic acid. (Ber. 26, R. 371, 492.)] 

* Ber. 24, 2830. 
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The dibromoshikimic acid, G^Hy^Bifi^ aj)= — 58, 
gives a right-handed bromo-lactone. 

Boric acid and polyatomic alcohols. — Now that the 

increase of rotation through ring formation has been 

established, the very considerable rise of rotation 

observed on addition of boric acid is seen in another 

light. Such is the effect of this addition that, as is 

well known, it was only by this means that activity 

could be demonstrated in the case of mannite, 

sorbite, arabite, &c. If we consider now the more 

recent observations,^ especially those of Magnanini, 

we see in the first place that the proved diminution 

of the number of molecules involves the hypothesis 

that an addition product is formed. In the next 

place, in view of the fact that only polyatomic 

alcohols (including erythrite) ^ and oxy-acids are 

affected by boric acid, while mannite with six 

hydroxyl groups demands three molecules of boric 

acid, there must be two hydroxyl groups connected 

with one boric acid molecule, and we come of 

necessity to the hypothesis that the following ring is 

formed : 

C— Ov 

I \b-0-H, 
C— 0^ 

* Eykman, Ber, 24, 1293. See also the high rotation of methyl- 
glucoside, &o. (Fischer, Ber. 26, 2400). 

* Zeitschr. physik. Chem, 6, 58 ; Oazz, Chim. 11, 8, 9 ; 1891. (Ref. 
Zeitschr. physik. Chem. 9, 230.) 

' Klein, Campt. Bmd. 86, 826 ; 99, 144. 
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double molecule. The known bomeol. according to 
Beckmann,' does not do this, and has also the same 
rotation in benzene as in alcohol, aj,=3V, And 
Freundler ^ has recently shown that in the case of 
ethereal tartrates the change of rotation by the 
solvent is accompanied by a change of molecular 
weight. 

The views of Guve and of Crmn Brovra deserve 
especial notice. The latter^ proposes to establish 
by experiment a function, K (which perhaps alters 
for the temperature, &c.), for each of the groups 
attached to the asymmetric carbon; the rotation 
would be determined by the difference of these 
functions. From the material at hand he thinks it 
may be concluded that the function for any group 
rises as the group increases. 

The objection to this hypothesis is, as the author 
himself observes, that in it the mutual action of the 
groups plays no part. But in view of what has just 
been said about the influence of the solvent, and of 
ring formation on the rotation, this mutual action 
must be essential. Guye ^ starts on a broader basis, 
viz. the whole configuration of the molecule, and he 
proceeds to determine numerically its degree of 
disymmetry, by the displacement of its centre of 

> Zeitschr, physik. Chem, 6, 440. In accordance with this view 
the hydroxyl-free phenylurethane, obtained from isocamphole, shows 
no change of rotation. 

2 Compt Rend. 117, 656. ^ p^^g^ ^^oy. Soc. Edinb. June 1890. 

* Compt Rend, March 1890; Ann, Chim. phys, [6], 26, 146; 
Arch, Sc, phys. Nat. [3], 26, 97, 201, 333; Bev, scimtifique, 
49, 266. 
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gravity in relation to the six planes of symmetry of 
the regular tetrahedron. Six values, d^ , . , . d^, are 
thus obtained, the product of which, called product 
of asymmetry, determines the rotation : 

P=(ij d^ d^ d^ d^ cZg. 

This product satisfies the main condition, that when 
only two of the groups are equal, one of the dis- 
placements (the one referred to the plane of sym- 
nietry between the two groups) becomes nil, and 
consequently P is also nil, which corresponds with 
inactivity. 

These values d, however, are difficult to 
determine ; they are certainly influenced by the 
weights of the groups and by their distances,^ and 
the first thing is to determine the part played by the 
weight. The displacement is then determined by 
the difference of weight, and we have as a concrete 
expression of this : 

P^(ffi—9^ i9—9z) (gi—94) i92—9z) (92—94) (93— 94)^ 
where 9i - - - - 9^ are the group-weights in 
question. 

This expression is not a necessary consequence of 
Guye's conception, but only a formulation of it upon 
certain assumptions made for the sake of simplicity. 
It is to be regarded as a special case of the view 
of Crum Brown, according to which K and g 
are identical. Finally, we may repeat that the 

» Compare Frankland and Wharton (J, Chem, Soc, 1896, 1309) 
on the methyl and ethyl esters of o-, m-, and p-ditoluyltartaric acid ; 
also Guye, Bull, Soc, Chim, Paris, [3], 15, 1187. 
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essential requisite, that P=o when two groups are 
identical, is fulfilled ; and that if two groups, 
g^ and g^, e.g., change places, the sign of P is 
simply reversed, its numerical value remaining the 
same. 

From this view the following novel and essential 
consequences result. If the groups are in the 
following order : 

ff4> 9z> Sl2> 9v 

and the substance is, say, right-handed, then when 
g^ is replaced by smaller and smaller groups, we may 
expect : 

1. Diminution of the right rotation for g^>g^ ; 

2. Inactivity when g^^g^ ; 

3. Left rotation, increasing to a maximum and 
then diminishing, when ^3 > 5^4 > 9^2 J 

4. Inactivity when gr^= 5^2' 

5. Eight rotation, increasing to a maximum, and 

then diminishing, when g.p 9a^9\ » 

(). Inactivity when g^=zg^; 

7. Left rotation, increasing, when g^ g^. 

Thus, when one of the groups gradually passes 
from the maximum to the n>inimum the sign of the 
rotation will change four times. 

Let us consider first the derivatives of active 
amylalcohol, C2H,(=29)CH3.CH.CH20H. The sub- 
stances are arranged in the order of the magnitude 
of the radical replacing CHgOH, and it is seen 
that, in general, increase of the largest group leaves 
the sign of the rotation unaltered : 



NUMERICAL VALUE OF THE ROTATORY POWER 157 

1. Aldehyde, COH=29 a^=+0° 42' (10 Dec.) 

2. Amine, CH2NH2=30 a^=-3° 30' (10 Dec.) 

3. Alcohol, CH20H= 31 [a]x>=-5°2'. 

4. Nitrile, CH2CN=40 a^ = +1° 16' (10 Dec.) 

5. About sixty compounds between 4 and 6, all 
right-handed. 

6. Iodide, CH2l=141 a^= + 8° 20' (10 Dec.) 
The change of sign observed in the case of the 

amine and the alcohol should, however, not occur 
till below 29°. 

It follows that change of sign can be brought 
about by causes other than change of weight. In 
this connection the cases where, as in amylaldehyde, 
there are two groups of equal weight are especially 
convincing. Here we do not find inactivity, which 
Guye*s formula would demand. Such cases are : 

DimethyUc diacetyl tartrate, 

C02CH3(CHOC2H30)2C02CH3 : 
C02CH3=OC2H30 = 59 (left-handed). 

Diethylic dipropionyl tartrate, 
C0fi^Il,=0G^'H.fi=^7S (sUghtly right-handed). 

Dipropylic dibutyryl tartrate, 
C02C,H7=OC4H70=87 (right-handed). 

Acetylmalic acid, CO^HCHOC^HaOCH^CO^H : 
OC2H30=CH2C02H=59 (left-handed). 

Ethylmalic acid, CO^KCHOG^IlfillfiO^B. : 
CO2H = OC2H5 = 45 (right-handed) . 

The following table of such esters of tartaric,^ 

* Pictet, Arch, des Sc, jphys, et not. [3], 7, 82 ; Freundler, Compt, 
Bend. 116, 509. 
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additions to this list are the dioximes of qninone 
and thymoqninone. 

The facts concerning the oximes are, then, yeiy 
simple : regular occurrence of two isomers ^ for 
compounds of the f ormnla XYCNOH ; disappearance 
of this isomerism when X and Y become identical ; 
increase in the number of isomers when the above- 
mentioned group occurs more than once in the same 
molecule. 

The observations concerning allied bodies may 
now be given. The groups to be considered where 
nitrogen occurs doubly-linked with carbon are these : 

The hydrasonet ' and earbazides.^ — ^Just as oximes 
are formed by the action of hydroxylamine on alde- 
hydes or ketones, &c., i.e. on compounds containing 
the group CO, so the hydrazones are formed by a 
corresponding action of hydrazines on these com- 
pounds. And if the group CO is first replaced by 
CCI2, there are again formed two isomers, provided 
the groups linked with carbon are different. The 

' There are, however, many exceptions— cases in which only one 
isomer has been isolated. There is only one oxime of pymvic acid, 
of thienylglyoxylic acid, of the ortho-substituted aromatic acids, of 
the mixed ketones containing an aliphatic and an aromatic radical 
(Glaus and Hafelin, J. prakt. Chem. 54, 391). But if we compare 
this single oxime with two stereomers of analogous constitution and 
of known configuration, we find that in its chemical and physical 
properties it resembles one of the two isomers, and totally differs 
from the other. These are, then, extreme cases of the instability of 
one isomer. 

^ Fchrlin and Krause, Bcr. 23, 1574, 3617 ; Hantzsch and Kraft, 
ibid. 24, 3511 ; Hantzsch and Overton, ibid. 26, 9, 18. 

» Marokwald, ibid. 24, 2880; Dixon, J. Cheni. Soc. Trans. 
1892, 1012. 
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gen is replaced, the two largest groups increase, and 
therefore the rotation ; in those in which hydroxyl 
hydrogen undergoes substitution, OH =17 increases, 
and also the largest group : a change of sign is 
therefore to be expected, and at the same time an 
increase in the numerical value. Both occur ; only 
the change of sign does not exactly correspond with 
the equality of the group-weights. 

Further, we must emphasise the fact that, in 
isomeric compounds, groups of equal weight do not 
correspond to equal rotations. Among glyceric esters, 
propyl- and iso-propyl, butyl- and iso-butyl have not 
the same action ; with tartaric acid the case is the 
same, but not with valerianic acid. But whether in 
the first two cases the difference is as great as the 
figures indicate is uncertain, as it is doubtful how far 
they can be compared. Thus Freundler found that 
ethylic diacetyl tartrate rotates, in alcohol, + 1*02 
instead of -h 5. 

Finally, it is a striking fact, in agreement with 
Guye's conception, that the very high rotations 
are observed among compounds of high molecular 
weight. One example of this is seen in methylic 
benzoyl tartrate, —88*8°. Then we have the small 
rotation of -h 2° for lactic acid, as compared with 
—21° for oxybutyric, and — 11° for leucic acid, 71° 
for tropaic acid, —156° for mandelic acid, and —135° 
for isopropylphenylglycoUic acid. Perhaps in the 
last the effect of ring formation is superadded. It 
is a fact that the highest known rotations are found 
among the alkaloids and santonine derivatives (over 
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300" for qainidine, 700° forsantomne), where several 
rings and high molecnlar weight coexist. Of course, 
the converse of this role does not hold. Even when 
the molecular weight is high, identity among the 
groups annihilates the rotation, and similarity among 
the groups perhaps reduces it to small proportions. 

VI. More Complicated Cases 
Several asymmetric groaps in one moleciile. — So far 

we have dealt chiefly with the simplest cases, with 
a single asymmetric carbon atom. It remains to 
add a few words on more complicated compounds, 
which may throw some light on the subject. In the 
first place we may consider the idea expressed in 
my former pamphlet' that when there are several 
aHvmmetric carbon atoms their action is to be added 
or Hul)tracted. Thus for the four pentose types, 
(U)ll(r;ilOH)3CH20H, we should have the following 
rotations : 



No. 1 


No. 2 


No. 3 


No. 4 


+ A 


+ A 


+ A 


- A 


+ n 


+ B 


- B 


+ B 


+ c 


- G 


+ G 


+ C 



and Hin(r(» tlui sum of No. 2, No. 3, and No. 4 is equal 
1(» .1 I li I C, tho rotation of arabinose (probably the 
hi^ht'st) should be equal to the rotations of xylose, 
rilM>Mc», and Wn\ expected fourth type ^ taken together. 
Vov thi^ aHyniniotric compounds of the saccharic 
ai'id ^roup a Hiniilar conclusion may be drawn. The 
fnurai^tivt^ typ(^H would have the following rotations : 

I Huu I'rofaoe. 

* DiMuuvured Bince, and oalled lyxose. 
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No. 1 


No. 2 


• No. 3 


No. 4 


+ A 


+ A 


+ A 


■\-A 


+ B 


+ B 


+ B 


-B 


+ B 


+ B 


-B 


-B 


+ A 


-A 


+ A 


+ A 


2iA+B) 


2B 


2A 


2{A -B) 


CO^H 


CO^H 


CO^H 


CO,H 


HCOH 


HCOH 


HCOH 


HCOH 


HOCH 


HOCH 


HOCH 


HCOH 


HCOH 


HCOH 


HOCH 


HOCH 


HOCH 


HCOH 


HOCH 


HOCH 


COjH 


COjH 


CO,H 


CO^H 


Idosaccharic 


Saccharic 


Talomncic 


Manno- 


acid 


acid 


acid 


saccharic 




8° 


29° 


acid; weak. 



The large rotation 2{A-\-B) might belong to the 
first type and would amount to 37°. This corre- 
sponds to the constitution in that neither the inner 
nor the outer asymmetric carbon atoms are sym- 
metrically opposed. Then saccharic acid corresponds 
to 2B, because in its configuration the two outer 
carbon atoms are symmetrically opposed ; for similar 
reasons talomucic acid corresponds to 2A. For 
niannosaccharic acid we should then have about 20° 
(29° — 8°) ; all that is known is that it possesses 
slight activity. Since the acids readily form lactones 
an exact investigation of the sodium salts in not too 
concentrated solution seems to be the only way to 
arrive at definite results. 

Further, it is to be noted that the outer asym- 
metric carbon atoms cause a rotation of 29°, the 

M 
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inner a rotation of 8°, and this greater influence of 
the excentric carbons accords with Guye's theories. 

Influence of the tsrpe. — In the second place we 
must note the fact that the magnitude of the 
rotation is to a certain extent determined by the 
type of the compound. 

We have ahready observed (p. 147) what an effect 
lactone formation has on the rotation, an effect which 
often amounts to about 80° ; and how ring formation 
in other cases causes a fairly definite change of rota- 
tion. We saw, further, that in many cases stereomers 
though not enantiomorphous possess equal rotation 
(p. 74). Now it has been observed that in chemically 
related compounds there are often found rotations 
of a similar order of magnitude. 

1. Thus, the alcohols of the type 

CH20H(CHOH)„CH20H 

have a remarkably small rotation, often noticeable 
only after addition of borax : 

Arabite . . . CH,0H(CH0H)3CH20H - 5° in borax 

Mannile . . . C}i.jOB.{CBOB.)fiHfiK almost ntZ 

Sorbite ... „ 1° 

Perseite » . . . CH,0H(CH0H)5CH20H 8° in borax 

a-Glucosectite 2 . CH,0H(CH0H)eCH20H 2° 

It is very remarkable that in the hexatomic alcohol 
inosite, CgHg(OH)g — which in composition resembles 
mannite, but as a hexamethylene derivative belongs 
to another type — we observe at once a compara- 
tively strong rotation of 66° (caused by the ring 
formation). 

• Ber. 28, 2226. « Ann. 270, 64. 
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2. The amido-acids exhibit rather low rotations : 

lieticine . . CJEL^CHNB.fiO^ 14° HCl ; 6° NH, 

Phthalyl deriva- 
tive . . c,R^cmi(C^ufifi^coja. - 22° o^HeO 

Cystine . . CH3C(NH2)(SH)C02H - 8° H^O 

Phenylcystine . CH3CS(C6H5)NH2C02H < - 4° NaOH 

Bromine deriva- 
tive . . CH3CS(C6H4Br)NH2CO.^ - 4° NaOH 

Acetyl derivative CH3CS(CeH5)NHAcC02H - ? C^H^O; 6° NaOH 

Bromacetyl de- 
rivative . . CH3CS(CeH^Br)NHAcC0,H - 7° C^HeO ; 8° NaOH 

Tyrosine . . CeH^OHCHaCHNH^COaH - 8° HOI ; - 9° KOH 

Flienylamido- 

propionic acid CgHsCH^CHNH^COgH - 36° B..fl 

Asparagine . COaHCHNH^CRjCONH^ - 8° H^O ; + 37° HCl 

Aspartic acid . COaHCHNH^CH^COaH - 4° H,0 ; + 26° HCl 

Glutamic acid . CO^HCHNH^C^H^COgH 10° H^O ; 26° HCl ; 

- 5° CaOgH^ 

Glutamine . C02H(C3H5NH2)00NH2 slightly right-handed, 

H,SO, 

Chitamic acid . CgHijNOe + 1*6° Hp 

The weak activity of the amido-acids is probably the 
reason why no rotation has as yet been discovered in 
the case of serine, alanine, &c. 

3. Among the lactones of the sugar group, &c., 
larger variations occur ; the values, however, do not 
exceed 90°, which amount is attained by the simplest, 
lactid. This is probably due to the fact that the 
oxy-acids have generally a low rotation, and that 
between acid and lactone there is usually a difference 
of 80°. The lactones of the following oxy-acids may 
be cited : 

Lactic acid .... CH^CHOHCOaH - 86° 

Arabonio acid . . . CH20H(CfiOH)3C02H - 74° 

Bibonio acid .... „ — 18° 

Xylonic acid ...» „ + 21° 

M 2 
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The explanation given, which is based upon the 
difference between the symbols 

BiNH BiNH 



I and I 



BjNH HNR, 

would indicate that free rotation is stopped by a 
single nitrogen-nitrogen linkage, as by a double 
carbon linkage. 

The cause of this might be found in the supfde- 
mentary valences, and doubly linked nitrogen would 
then be analogous to trebly linked carbon and cause 
no isomerism. 

II. Compounds containing PentavaijEnt 

Nitrogen 

Besides these researches on derivatives where the 
nitrogen is trivalent, there are some observations of 
Le BePs on ammonium compounds. In the first 
place he succeeded * in obtaining two isomeric 
trimethylisobutylammonium chlorides, a result 
which calls to mind the isomerism which Ladenburg* 
stated to exist in the trimethylbenzyl derivative, 
but which Meyer ^ doubted. The isomerism dis- 
covered by Le Bel shows itself in the chloroplatinate, 
which at first forms in needles, but after recrystallisa- 
tion from alcohol in octahedra. This second type is 
regained unaltered after treatment with silver oxide 
and reconversion to chloroplatinate ; but if the ex- 
periment lasts some time the needles result on re- 

• Compt. Rend. 110, 144. « Ber. 10, 43, 661, 1152, 1634. 

' Ibid. 309, 964 978 (Corrp.), 1291. 
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formation of the platinate. One compound there- 
fore is the more stable as chloroplatinate, the other 
as hydroxide. It is to be observed that if the sub- 
stituted groups are smaller (trimethylpropyl, tri- 
propylmethyl) the isomerism in question does not 
occur, probably in consequence of an intra-molecular 
transformation, which, in fact, is favoured bythe 
mobility of the smaller groups. The same thing is 
observed among the oximes ; ethylaldoxime is easily 
transformed, and probably for the same reasons the 
simplest members of the ketoximes are lacking {e.g. 
phenylmethylketoxime). Schryver^ made similar 
observations. While the corresponding ethyl and 
methyl derivatives showed no isomerism, it was 
found that on treating methylethylisoamylamine 
with ethyliodide a chloroplatinate results, which on 
warming is converted into the compound obtained 
direct from methyl iodide or amyl iodide and the 
appropriate amine. Here, then, we have isomerism 
in the case of 

(H3C)3C,H,NC1 and (H3C)(C,H,),C,H,,NC1. 

Finally, Le BeP has made the most impor- 
tant observation, that isobutylpropylethylmethyl- 
ammonium chloride may be * doubled,' and yields 
active compounds, numbering probably fom\ The 
chlorides of ethylpropyldimethyl, ethyldipropyl- 
methyl, ethyldipropylisobutyl, and ethylpropyldiiso- 
butyl ammonium could not be * doubled.* 

The only conclusion at present to be drawn from 

» J. Cheni. Soc. Proc. 1891, 39. ^ Compt. Rend. 112, 724. 
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what has just been said is that in ammonium 
chloride, in view of the activity among its deriva- 
tives, all the atoms do not lie in one plane ; while in 
view of the isomerism of the trimethylisobutyl 
derivative, the four hydrogen atoms have not identi- 
cal positions in the molecule. The inactivity 
observed when two groups are identical would indi- 
cate that the similar groups are symmetrically 
situated with regard to the plane passing through the 
two others, the nitrogen and the chlorine. 

For graphic representation I wiM reproduce here 
that cube which I long ago proposed (p. 169). The 
J nitrogen is supposed to be in the 

centre and the five connected 
groups in five of the comers (fig. 
19). Of these 1, 2, and 3, which 
have equivalent positions, corre- 
spond to the alkyls attached to 
Fig. 19. the three chief valences. When 

the nitrogen is trivalent they lie in 
one plane with it ; here they are somewhat displaced 
through the influence of the chlorine situated in 4 ; 
in 5 lies the fourth alkyl. 

If one of the alkyls is different from the three 
others, which are identical, so that the type 

(E,)3E,NC1 

results, as in (H3C)3C4HgNCl, there is the possibility 
of isomerism according as C^Hg is in 5 or in 1 to 3. 
And this isomerism has actually been observed. As 
yet there is no reason to expect optical activity. 
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The stability of one isomer has been found to be very 
slight. 

If two different alkyls have entered the molecule, 
which would give the type (Ei)2E2E3NCl, then be- 
sides asymmetric {i.e. active) configurations (Ej in 5), 
there is always a symmetrical configmration possible 
(Eg or Eg in 5) ; and the slight stability above men- 
tioned leads to the symmetrical type, which always 
corresponds to the favoured position of equilibrium. 
Accordingly ' doubling ' has not succeeded here, e.g. 
in the case of 

C2H,(CH3)2C3H,NC1. 

If three different radicals have entered the mole- 
cule (type EjEgEjE^NCl), internal symmetry is 
impossible. The ' doubling ' succeeded here in the 
case of (C4H9)(C3H7)(C2H5)(CH,)NC1, of which 
already several isomers have been prepared. Of these, 
four types should exist, according as one or the 
other of the four different groups occupies 5 ; each 
of the four types would be divisible into two isomers 
of opposite activity. 
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STEREOCHEMICAL ISOMEBISM OF 
INOBGANIC COMPOUNDS 

NOTE BY ALFEED WEENEE 

Professor of Chemistry in the University of Zurich 

'To facilitate the study of the stereochemical isomerism 
presented by certain classes of inorganic compounds, we 
must glance briefly at the constitution of these substances. 
They are molecular compounds whose constitution can 
hardly be represented with the aid of the idea of 
valence, unless we resort to several secondary hypotheses, 
each appHeable to only a limited number of compounds. 

The constitution of the molecular compounds may be 
established on the basis of a relation between those known 
as anunoniacal metaUic compounds and the double salts, 
such as the double chlorides, fluorides, nitrites, &c. 
Indeed, the two extreme groups may be connected by a 
certain number of intermediate bodies of mixed character, 
thus forming a continuous series in which the molecular 
combinations of the first class gradually pass into the 
double salts. 

Let us consider this remarkable transition in one of 
the most simple series. In the study of the compounds 
in question the fact that certain electro-negative radicals 
in the molecule behave in a pecuUar, an abnormal manner, 



H- o: jZTfla: nxmarsaiifiL Ti' firnptmRige lihis peculianty, let 
TjtT zaki h ■gtPT.ML' CHBb. Vf- SF& ADopanxted with two 
fl-mynrmiai^' riiTTmfnniE& m nntifch. i^ one oonesponding 
ic tm tfTrmii'ifi GoJkiia^^G^. '^ cs^iBr %o tlie fonnnla 
CoJJK±l3j=:Ca». li ifr fiSBE Tomi Ae two bodies difTer only 
m ii TTiniftfaiif a: fimmiiiiuL joid t£S ih^ chemical 
prqpenif^ ai^ vbtt ftiffHTBrii imd ^asmdedsed by the 
iDllnwnu: Teadum^. On aflcfrng & yilmaon of nitrate of 
sihrer xr i* sniTninr: of ^k^ &si s&^ it is loond that the 
Tiirefr Bxazm- ir nTi'trrnrtf- jert pTBc^naOBd ms silver chloride^ 
h ninsBt. Co.l^rH.^i^i'^^Oai^, being iocmed. In the case of 
ibir ikBDona sak. tht TitirrBg' i£ mlpier ^pDoafktMJbs& only two 
uiDntf^ of Rtilrrrmf-^ i^ lihrrfli di&sFB€!D33ieh'in its chemical 

Q 

fnnctnan : u RhlrTrfTm»rBte, Ck>(XH2^ ^^ ^ , results. 

Thi£ diSerenoe in i^usman is bi^BiTed also in the case 
of other rBa^ents. Thiw;, ^idien fteted on bv concentrated 

siOpiiiLrie wdd. thf &^ sah loses iis lliiee atoms of 
chlorine a^ hvaroehlaric acid, 'while the second in the 
hhLUie circiLmsiancses loses otlIt rsro ntoIecQles of hydro- 
chloric a*cid. 

Thus the three chloiine atoms of the second salt have 
fiol the Bame chemical fnnctiori ; one of them behaves in 
it «f-K^ial v,'SL\ like the chlorine in certain oi^ganic com- 
f )0 u f J d K. Arrhenius' hypothesis of electrolytic dissociation 
iU'A'/mniH for this anomalv. The two atoms of chlorine 
which have the same properties as the chlorine in the 
ordinary chlorides (chloride of potassium, &c.) behave as 
i^mfi, while the third does not. 

Ah in well known, one of the factors of the electric 
noii(li)(5lJvity of a saline solution is the number of ions 
svlildli ll co/itainw; the properties of the two salts 
< '«»( N I Mr/ '1.1 'U)d Cyo(NH3)5Cl3 indicated, then, that there 
wniiM \m a (lirfuronce in the conductivity of the solutions 
wt llinttM(MMMpoini(lK. Experiment confirms this prevision. 
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For a dilution of 1,000 litres the molecular conductivity 
of the first salt has been found equal to 432'6, and that of 
the second to 261 '3. 

There can then be no doubt that the first salt contains 
three atoms of chlorine identical in properties and acting 
as ions, while the second contains only two which can 
act in this way. 

What chiefly interests us is to find the difference of 
constitution to which we should refer the various pro- 
perties of the negative groups forming part of the mole- 
cules in question. 

All the chemists who have worked at this subject, 
whatever their theories as to the constitution of the 
ammoniacal metallic compounds, consider this difference 
of constitution as the consequence of a different connection 
of the negative group with the metallic atom, which 
connection may be either direct or indirect. 

When the connection is direct — that is, when the 
negative group is directly united with the metal — this 
group does not behave as an ion. When the connection is 
indirect — that is, when the negative group is united to the 
metal indirectly by means of ammoniacal molecules — this 
group behaves as an ion. The difference between the two 
kinds of connection is indicated by the following formula : 

^""^NHaCl 

Although this way of looking at the constitution of 
these compounds does not harmonise very well with the 
ideas which we ordinarily hold concerning the state of 
salts in solution, it is so thoroughly confirmed by all the 
facts observed with regard to the class of ammonio- 
metallic compounds, that it is hardly possible to doubt it, 
and we shall adopt it in the following discussion. 

One of the simplest series of bodies which we have to 
consider is that of the derivatives of bivalent platinum. 



ISB AFPEKinX 

The plBtnmm mtom onmhineB with four mcdecoleB of 
ammonia to f onn a eo mp oi m d, Pfe(NHs)4Xs, the letter X 
repreaenting a monovalent add ladicaL The leactioDBof 
these salts, and their moleciilar ccmducli v ily, prove that 
the two acid groups act as ions ; they v^oresent the add 
radicals of a salt of which tiie positive part is the radical 
Pt(NH,),. 

The second term of the series is a oom^imd, 

the old constitaldonal &nniila Pt c ^tW'V ' ^ 

not at all in accord with tiie observed molecular ooo- 
ductivity, which indicates that only one of the chlorine 
atoms behaves as an ion. The formnla should then be 

The third term of the series, Pt(NH3)2X2, is found in 
two isomeric forms, the salts of platosammine and the 
salts of platosemidiammine. The formulie attributed by 
Cleve and Jorgensen to these salts are the following : 

^-nhI.ci «^d Pt<ci » 

Now, neither of these formula accounts for the chemical 
properties and the electric conductivities of these salts. 
Indeed, these substances no longer behave at all like salts 
of strong bases ; but the. chlorine, in such salts as 

Pt(NH3), 
^Cl, ' 

has properties analogous to those possessed by this 
element in chlorinated organic bodies ; the electric 
conductivity approaches zero, and it is with great diflBculty 
that any chemical reactions can be brought about. From 
all this it follows that their formulae must be 

Pt^» 
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the two negative radicals being in direct union with the 
platinum ; in this case the ammonia molecules must be 
united similarly ; the rational formula will be then : 



'NH3 

Pti^NHg 



/ 

Vx 

X 



The negative groups being attached by means of 
valences, as it is usuall^"^ called, the ammonia molecules 
by means of secondary forces, I shall indicate this 
difference by saying that the molecules of ammonia are 
co-ordinatedy that is to say, that they must be directly 
connected with the metalHc atom, the platinum, although 
this linkage is not due to what are ordinarily called 
valences. 

The next term of the series is a compound, 

PtNHaClaClE, 
R representing a monovalent positive group ; it is a double 
salt in the ordinary sense of the word. Supposing R to 
represent an atom of potassium, the formula would 

NH 
ordinarily be written thus : Ptpi ^ + KCl. But the sub- 
stance does not behave at all as this formula would 
indicate ; on the contrary, its molecular conductivity proves 

NH 
that it contains a complex radical, Ptp| ^, which acts as 

a negative ion, the potassium being the electro-positive 

ion. The compound in question is a salt of a pecuUar 

NH 
kind, of which the acid radical is the group Pt/^, ^ and 

the basic radical the potassium. 

The final term of the series is the compound 

PtCl2 + 2KCl, 

the addition product formed by platinous chloride and 
potassium chloride. This salt, again, has not the properties 
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ammonia, we obtain a compound, Pt p^ CI2, differ- 
ing from a, and which we shall call fi ; this is stereo- 
meric with a. 

It is formed thus : 

CI p.^NH3. p^ _r Py>pt^NH3-|ni\ 

Py>^*<cf -^ (N^3). = [''?^>Pt<^yH3]01 

On warming the compounds a and /3 they lose ammonia 
and pyridine and change into compounds of the platos- 
ammine series, that is, into bodies corresponding to the 
general formula : 

On considering the formulae of a and /3, it will readily 
be seen that the substance <* will undergo such a trans- 
formation, on losing a molecule of ammonia and a mole- 
cule of pyridine according to the equation : 

rNH3 . p. , Py-|ci _ NH3 NH3 > p. ^ CI 

The compound n should yield, then, in this reaction a 

substance, Pt.NH3 

CI2 
The compound )8, on the other hand, could undergo 
the transformation into salts of the platosammine series 
in two different ways, either by losing two molecules of 
ammonia, or by losing two molecules of pyridine, as 
shown by the following equations : 

|_NH3 " ^* ^ Py J^^2 - ^y« ^ NH3 > ■'^* < CI 
[NH!>^*<?y^'>^^ = (NH3). + ^cI>Pt<Py 
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On warming p, then, we should obtain a mixture of two 

substances, P'^-^^^NH ^^^ ri^"^^^Pv 

These reactions, which may be deduced from the 
stereochemical formulae of the compounds of platosam- 
mine and of platosemidiammine, are in fact those which 
occur on warming the substances « and )8, of which the 
formulae are thus settled. 

It can be shown that if we give to the platosammine 

AX 
salts the formula * >Pt<y, and to the platosemidiam- 

mine salts the formula a > Pt < y^, we shall arrive at con- 
clusions which are no longer in accord with the facts. 
For, on adding to platosammine chloride, 

01 p NH3 

two molecules of pyridine, and to platopyridine chloride, 

CI Pv 

p, >Pt <Ty i two molecules of ammonia, we should get a 

compound mtt^ ^ "^^ "^ P K'^^ \ but this compound could 

change into salts of the platosammine series in three 
different ways : first, by losing two molecules of ammonia ; 
second, by losing two molecules of pyridine ; third, by 
losing one molecule of ammonia and one molecule of 
pyridine; we should obtain, then, a mixture of the three 

Pv 

substances, Pt -^^^ PtV ^^^, Pt.NHg. Now, this has never 

A2 A2 x^ 

been observed in a single case, even when the amines of 

ag 
the compound Ptb2 are quite analogous in character, e.g. 

■ X, 

ethylamine and propylamine. 

o 



4*». 
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directly connected witE- the atom of tlae metal, so in the 
compounds containing the complex r9,dical MAgthe six 
groups are in direct union with the metal ; th6 proof is 
afforded by the amount of the molecular conductivity. 

We have now to get an idea of the configuration of 
these groups MAg ; the most simple hypothesis that can 
be formulated is an octahedral arrangement ; the metallic 
atom occupying the centre of the octahedron, the six 
groups A will have their places at the corners. 

It is evident that this arrangement should give rise to 
certain cases of stereomerism, of which we shall consider 
at present only one, which experiment confirms. 

Let us consider a radical MAe of which four groups 
are alike and the two others different : we have then a 

group M A J . In this case the two radicals A' may 

occupy different positions ; they may occupy two corners 
of the octahedron joined by an axis, or two corners 
joined by an edge, as the following figures show : 




that is to say that the compounds containing a radical 
I M aJ , should present two isomeric forms. 

r A I ' 

The radical M * ;? is found in certain ammoniacai 



o2 



196 



APfENBIX 



deriyatives of cobalt, salts of praseocobaltammine, 

answering to the general formula Co/^xt \ X ; these 

salts should, then, if our theory is correct, present a 
special isomerism. And, as a matter of fact, this is what 
we find. We know by the beautiful researches of Jorgen- 
sen that there exist two series of salts of the formula 

Co. ' X. The two series scarcely differ, from a 

chemical point of view ; of the three acid radicals, only 
one acts as an ion. But the two series are distinguished 
by a characteristic property ; the salts of the praseo- 
cobaltammine series are green, while the salts of the 
isomeric series, the salts of the violeocobaltammines, are 
violet, as their name indicates (see figs. 22 and 23). 




This interesting case of isomerism is a first proof in 
favour of the stereomerism of the radicals rMV^^I j^ 

another series, also, cobalt presents this special isomerism. 
For a long time there has been known a group of salts of 
cobaltammine, called salts of croc6ocobaltammine, and 

answering to the formula ["Col^^^^^^lx ; these also, then, 
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same 



contain a radical M * ^ . Quite recently Jorgensen 

has discovered a new series of compounds having the 

formula, Co^-^ttt f P^> and differing from the 

first only in physical properties. He calls them salts of 
flaveocobaltammine, and it is impossible to doubt that 
this isomerism of the two series arises from the presence 

of two isomeric radicals, ^O/mW^ x'^ • To represent 

the positions occupied by the two NO2 groups, one may 
imagine the following formulae : 








Among the ammoniacal derivatives of tetrad platinum 
we find a case of isomerism perfectly analogous to those 
observed among the cobalt compounds. 

We know, in fact, two series of bodies answering to 

the general formula Pt^ x^ ^^^ ; they are the salts of 
platinosemidiammine and the salts of platinammine ; here 
again, then, we encounter the radical M * J . 

Here, too, the isomerism is doubtless due to the 
same cause as with the cobalt compounds, and would be 
represented by the following formulae : 
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We can even determine, with a certain degree of proba- 
bility, the space formula corresponding to each of the two 
series. 

The compounds of the platinosemidiammine series 
and of the platinammine series are formed by the addition 
of two negative groups to the salts of platosemidiammine 
and of platosammine, the dyad platinum transforming 
itself into tetrad platinum : 




1%+ X^ = KH, 




For the compounds of bivalent platinum we have 
arrived at plane formulae ; for those of tetravalent platinum 
we have given octahedral formulae. The most simple 
hypothesis is, then, that the negative groups add them- 
selves to the salts of divalent platinum, so as to occupy two 
corners united by the diagonal of an octahedron, which 
is fermed by the four radicals joined to the platinum, and 
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by the two added radicals which complete the mole- 
cule. 

This transformation is explained by the above formulae, 
which also give us the stereochemical forniulsB of the two 
isomeric series. 

In the short sketch here given of the* stereochemical 
isomerism of certain classes of inorganic compounds 
we have been able to consider only the principal points 
of the new theory ; we believe, however, that we have 
proved, by well-established facts, that it is possible to 
explain these cases of isomerism only by stereochemical 
conceptions. 
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Ethoxysuccinic acid, 15, 29, 32 

rotation of salts, 138 

Ethyl alcohol, inactive, obtained 

by fermentation from active 

carbohydrate, 28 

— amyl, 17 

— cumaric acid, 102 

Ethylene derivatives, inactivity of ^ 

96 
plane or three-dimensionaB- 

configuration of, 82 
Ethylidene anilines, 173 

— chlorosulphinic acid, 26 

— iodobromide, 25 

— lactic acid, 14 

— methethylate, 20 
Ethylmalic acid, rotation, 157 
obtained by heating fumaricr 

and maleic acids with sodiunB- 
ethylate, 53 
a-Ethyl piperidine, 17, 30 



INDEX 



205 



Favoubed configuration, 55 
Formylthymotic acid, 127 
Fumaric acid, 96 

inactivity of, 3 

indivisibility, 46 

series, 102 

Furfuracrylic acid, 101 
Furfurol, from active arabinose or 
xylose, is inactive, 22, 96 



Gaidic acid, 101 

Galactonic acid, 29, 65, 89 

rotation compared with the 

lactone, 147, 149, 164 

from mucic acid, divisible, 58 

converted into talonic acid, 

73 
Galactose, 89 

— multi-rotation, 149, 165 

o- and j3-Glucoheptonic acids, 
formed from glucose, 67 
rotation, 164 

— acid, rotation compared with 

that of the lactone, 148 
a-Gluco-heptose, rotation, 165 
Gluconic acid, 64 

its rotation compared with 

• the lactone, 147, 164 ' 
1- Gluconic acid, formed with 1- 
mannonic acid from arabinose, 
67 
Gluco-octonic acid, rotation, 164 
o- and j3- Gluco-octonic acids, formed 
from heptose, 67 

transformation of a- into i8-, 

73 
a-Gluco-octose, rotation, 165 
Glucose, 64 

— gives two isomeric glucoheptonic 

acids, 67 

— converted into levulose, 92 

— miilti-rotation, 149 
a-Glucosectite, rotation, 161 
Glucoses, isomeric, 64, 82, 87, 165 
Glutamine, rotation, 163 
Glutamic acid, 17, 32, 163 

formed on heating al- 
buminoids with baryta, 48 
Glutaric acid, type 78 
— acids, the two isomeric dimethyl- 
and dimethyldoxy-, 78 

methylethyl- and methyl- 

propyl, two modifications, 78 
Glyceric acid, 14, 31 



Glyceric acid, change in rotation, 
146 

specific rotation, 138, 139 

esters rotation, as evidence 

for Guye's hypothesis, 158 
Glycols, substituted, two modi- 
fications, 69 
Gulonic acid, 1- and r-, 65 

lactone, division, 89 

rotation, compared with that 

of the lactone, 148 
Gulose, configuration, 88 
— 1- and r-, 64 



Halogen, derivatives containing 
asymmetric carbon, active, 24 

inactive, 25 

Halogens, attached to the asym- 
metric carbon atom cause isomer- 
isation, 24, 49 

Hexabromobenzenes, isomeric, 123 

Hexachlorbenzenes, isomeric, 123 

Hexahydrophthalic acids, two 
modifications, 121 

Hexaisophthalic acids, two modifi- 
cations, 122 

Hexahydroterephthalic acids, two 
modifications, ]21 

Hexamethylene derivatives, 120 

activity among, 123 

Hexyl alcohol, 17 

secondary, 17, 31 

chloride, 24 

iodide, 24 

— chloride, 17 

-- iodide, 17 

Hexylic acid, 17 

Homoaspartic acid, division, 39 "^ 

Homometa-oxybenzoic acid, indi- 
visible, 46 

j3-o-Homomethoxybenzoic acid, 
visible, 127 

Homosalicylic acid, indivisible, 46 

Hydrazones, isomeric, 174 

Hydrobenzoin, 77 

Hydrochlorapocinchonine, specific 
rotation, 137 

Hydrogen, silver fulminate, 25 

Hydromellithic acid, and iso-, 122 

Hydronaphthalenediamine, 20 

Hydropiperic acid, a- and $-, 102 

Hydroshikimic acid, 123 

Hydrosorbic acid, 101 

Hydroterephthalic acids, 121 
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Hyottcyamiue, conversion into 

atropine, 48 
Hypogaeic acid, isomers, 101 
Uyponitroas acid, 176 



Idosacchabic iusid, rotation and 

configuration, 161 
Idose, 64 

Inactive indivisible type, 50, 74 
Inactivity among compounds con- 
taining the asymmetric carbon 
atom, 27 

— of a body arising from the 

incompatibility of its constitu- 
tion with rotatory power, 
28 
Indivisible inactive type, 50, 74 
Indivisibility, in absence of the 

asymmetric carbon atom, 46 
Influence, mutual, of the groups 

forming a molecule, 93, 110 
Inorganic compounds, stereomerism 

of, 185 
Inosite, 123 

— its strong rotatory power caused 

by ring formation, 161 

— indivisibility, 46 

Inosites, r- and 1-, configuration, 

124 
j3-Iodacrylic acid, 101 
lodohexyl, 49 

— from mannite, 24 
Ions, rotation of acid, 140 
Isapiol, 101 
Isocinnamic acid, 101 
Isocrotonic acid, 101 
Isodibromosuccinic acid, prepared 

from maleic acid by addition of 
bromine, 108 

— from maleic acid, converted into 

racemic acid, 109 
Isohydrobenzoin, 77 
Isohydromellithic acid, 122 
Isomerism, due to the asymmetric 
carbon atom, character of, 9 

— due to doubly linked carbon, 

character of, 99 
Isomerisation, on attaching halo- 
gens to the asymmetric carbon, 
24,49 
Isomers, number due to several 
asymmetric carbons, 56 

— optical properties of, 10 
Ibopropoxysuccinic acid, 15 



Isopropylphenylchloracetic acid, 

24, 49 
IsopropylphenylglycoUic acid, 18, 
24,29 

rotation, 159 

Isosaccharinic acid, rotation, 164 

Ketoximeb, stereomeric, 173 
Kinetics of racemising, 49 

Lactic acid, 58 

division, 29, 31 

rotation, 159, 163 

alteration of, on dilution, 

144 

decrease on standing, 146 

Lactid, 14 

— rotation, 147 
Lactone formation, 130 

and rotatory power, 147 

Lactose, multi-rotation, 149 
Levulose, configuration, 88 

— yields on reduction the isomers 

mannite and sorbite, 67 

— multi-rotation, 149 

— breaks up on oxidation into gly- 

collic acid and inactive tartaric 

acid, 90 
Leucic acid, rotation, 159 
Leucine, 17, 32, 47, 163 

— inactive, formed on heating albu- 

minoids with baryta, 48 
Leucinephthaloylic acid, 19 
Limonene, 18, 40 

— nitrosochloride and its deriva- 

tives, 60, 67 

rotation, 166 

Linkage, treble, graphic representa- 
tion, 104 
Lyxose, 86, 160 
Lyxonic acid, 87 



Malamide, 16 

Maleic acid, 96 

dissociation constant, 113 

easy conversion into fumaric 

acid, 106 

proof of configuration, 111 

Malic acid, 15, 22 

acetyl, and Guye's theorv, 117, 

157 

and its anhydride, rota- 
tion, 15(J 
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Malic acid, acetyl, salts of, their 
equal rotatory power, 188 

alteration of rotation on dilut- 
ing, 145 

rotation of salts, 158 

amylic esters, preparation of 

four, with two active malic 
acids, and two active amyl 
alcohols, 57 

behaviour in solution, with 

regard to rotation, 143 

conductivity of active and 

inactive the same, 44 

activity among derivatives of, 

22 

increase of Isevo-rotation in 

the diluted solution on 
warming, 144 

inactive, 51 

its acid ammonium salt, 

52 

prepared by heating f umaric 

or maleic acid with soda, 
identity of this with the 
divisible malic acid, 52, 58 

remarkable change in its rota- 
tion on diluting, 145 

salts of, their equal rotatory 

power, 189 

Maltose, multi-rotation, 149 

Mandelic acid 18, 29, 81 

rotation, 148, 159 

inactive from the r- and 1- 

modifications, identical with 
synthetic, 40 

Mannite configuration, 88 

— hexachlorhydrin of, 25 

— isomers, 80 

— rotation, 161 

— yields on oxidation mannose and 

levulose, 92 
Mannoheptonic acid, rotation, 164 
Mannoheptose, rotation, 165 
Mannonic acid, 29, 64 

1-, formed from arabinose, 67 

1- and r-, 64 

rotation, 164 

compared with that of the 

lactone, 147 
Mannononose, rotation, 165 
Manno-octose, rotation, 165 
Mannosaccharic acid, configuration, 

161 
rotation, compared with that 

of the lactone, 147, 164 



Mannose, configuration, 88 

— divided, 82 

Mechanism of addition in formihg 
and transforming isomers, 105 

Mechanics of the atoms, 5 

Melting point, quantitative expres- 
sion for lowering of, 48 

Menthol, 72 

Mesaconic acid, 95, 102 

)3-Metahomo8alicylic acid, indivi- 
sible, 127 

Methoxysuccinic acid, 15 

rotation of salts, 188 

Methoxytoluylic acid, indivisible, 
46, 127 

Methylamyl, 21 

Methylcumaric acid, 102 

Methylconine, 18 

Methylethylpiperidine (copellidine), 
18 

Methyl glucoside, high rotation of, 
151 

— glucosides from glucose, 67 
Methylic benzoyltartrate, high rota- 
tion, 159 

Methylmalic acid, 16 

formed by the action of fungi 

on citraconic acid, 95 

formed by heating fumaric 

and malei'c acids with 
sodium methylate, 58 

a-Methylpiperidine (pipecoline), 17 

— active, conversion into an 

isomer, 177 
j3-Methylpiperidine, 20 
Mica, active combinations of, 11 
Models, 8, 55 

Molecular dimensions, equality of, 
in optical isomers, 10 

— rotation, 188 
Monochloropropylene, 100 
Morphine, specific rotation, 187 
Mucic acid derivatives, 89 
Multi-rotation, 148 



Nicotine, 18 

— specific rotation, 137 

— acetate, rotation in alcoholic an.d 

in aqueous solution, 141 
Nitro-camphor and derivatives, ro- 
tation, 167 
Nitrogen, combined with carbon, 

configuration, 178 
nitrogen, 179 
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Propylene oxiiie, 14, 150 
Propylic alcohol, 20, 23 
Propylmandelic acid, rotation, 165 
a-Propylpiperidine (conine), 17 
Pyrotartaric a>cid, 29 

inactivity, 48 

P3rrroIylene bromide, example of 
inactive indivisible type, 76 



QuiNAMiNE salts, rotation of al- 
coholic and aqueous solutions, 
141 

— specific rotation, 137 
Quinic acid, 128 

as; an example of constancy 

^ qf rotation on dilution, 144 
inactive, divisibility, 44 

— Balt^'jrgfasLtion in alcohoUc and 

in aqueouft solution, 140, 141 
:?—•.— *8|)0fcific rotation, 139 
i^uinicine, rotatory power and con- 

stituiix>n, 71 
Quinidjne, rotation in tilcoholic and 

in aqueous solution, 141 
« — rotatory power ^nd constitu- 
tion, 71 
-r^ specific rotation, 137, 160 
Quinine group, transformations in, 
71 

— rotatory power and constitution, 

71 

— specific rotation, 137 

— sulphate, rotation in alcoholic 

and in aqueous solution, 141 



Race MATE of sodium and ammo- 
nium, 84 

potassium, 38 

Racemic acid, 74 

division, 29, 81, 74 

— compounds, 28 

characteristics, 41 

properties of, 41 

Racemising by heat, by catalysis, 
47, 48 

Rhamnonic acid, rotation com- 
pared with that 'of the lactone, 
147 

Rhanmose, multi-rotation, 149 J 

Ribonic acid, 64,'l63, 164 

rot&tfon coinpared with thai 

of the lactone, 147 

Ribose, 160 



Ring formation, stability of, 129 
connection -with unsaturated 

isomers of malei'c tjrpe, 

113 
f influence on rotation, 146, 

150, 164 
with boric acid and hydroxyl 

groups, 151 

— T- .stability, 129 
Rings, fourvarbon, 118 

— thriBe.carbpn, 114 
■^ six carbon, 120 
Rotation, free, 55 

-rr-e -^ ccssatiou of, in the case of 
doubly linked carbon, 97 

— optical, causes which influence, 

134 
r influence of concentration, 

142, 156 

influence of groups attached 

, , to the asymmetric carbon 

atom, 154 
• — — influence of group weights, 

155 
influence of ring formation, 

146, 150, 164 

influence of solvent, 185 

influence of type, 162 

molecular, 138 

raised by addition of boric 

acid, 151 

— relative, of singly linked carbon 

atoms, 54 
Rotatory power and electrolytic 
dissociation, 186, 188 

and lactone formation, 147 

of non-electrolytes, 153 

and ring formation, 146 

Guye's hypothesis, 154 

of electrolytes, 186 

of imperfect electrolytes 

141 

jremarkable cases, 165 

numerical value of, 183 

in relation to- -con- 
stitution, 184 

-^ ' tables, 187, 139 - ~ 

r.— ; variation with vary 

ing conditions, \^ 

varying, of tartaric . acid 

solutions, 136 



( Saccharic acid, configuration, 161 
group, rotation, 160, 164 
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Key for the use of Teachers only, price 5J. 3^^/. 

HYDROSTATICS AND PNEUMATICS. Fcp. 8vo., is, 6^.; 

or, with Answers, is. The Worked Solutions of the Problems, is. 

*(9^/iy.S'(9iY.— ELEMENTS OF DYNAMICS (Kinetics and 

Statics). With numerous Exercises. A Text-book for Junior Students. By 
the Rev. J. L. Robinson, B.A. Crown Svo., 6j. 

MITH.— Works by J. HAMBLIN SMITH, M.A. 
ELEMENTARY STATICS. Crown 8vo., 3^. 
ELEMENTARY HYDROSTATICS. Crown 8vo., 3^. 

KEY TO STATICS AND HYDROSTATICS. Crown 8vo., 6^. 
'^ri?.— EXERCISES ON MECHANICS AND NATURAL 

PHILOSOPHY. By Thoxtas Tate, F.R.A.S. Fcp. 8vo., 2j. Key, y. 6d. 

""AYLOR.—WoxVs by J. E. TAYLOR, M.A., B.Sc. (Lond.), 
Head Master of the Central Higher Grade and Science School, 
Sheffield. 

THEORETICAL MECHANICS, including Hydrostatics and 

Pneumatics. With 175 Diagrams and Illustrations, and 522 Examination 
Questions and Answers. Crown Svo. , is. 6d, 

THEORETICAL MECHANICS -SOLIDS. With 163 Illus- 

trations, 120 Worked Examples and over 500 Examples from Examination 
Papers, etc. Crown Svo. , is. 6d. 

THEORETICAL MECHANICS.— FLUIDS. With 122 Illus- 

trations, numerous Worked Examples, and about 500 Examples from Ex- 
amination Papers, etc. Crown Svo., is. td. 

Including Kinematics, Statics, and K\nel\cs. B^ AwWiwi^Twi^^-tQ^.^^ ^^ 
F.R,A.S. With 200 Illustrations, 130 WorVteA ^^^tivv^^s., ^^^ ^^^^ ^ 
Example from Examination Papers, etc. Crown ^vo., /^s- ^^' 
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MECHANICS, DYNAMICS, STATICS, HYDROSTATICS. ETC- 

Coniinuefi, 

TWISDEN.—Vf oxks by the Rev. JOHN F. T WIS DEN, M.A. 
PRACTICAL MECHANICS ; an Elementary Introduction to 

their Study. With 855 Exercises, and 184 Figures and Diagrams. Crown 
8vo., i<w. 6d. 

THEORETICAL MECHANICS. With 172 Examples, 

numerous Exercises, and 154 Diagrams. Crown 8vo. , Si*. 6d. 

IVI LL / A MS OM—lNTRODUCTlOli TO THE MATHE 

MATICAL THEORY OF THE STRESS AND STRAIN OF ELASTl<^ 
SOLIDS. By Benjamin Williamson, D.Sc., F.R.S. Crown 8vo., 55. 

WILLIAMSON AND TARLETON.—I^^ ELEMENTAit^ 

TREATISE ON DYNAMICS. Containing Applications to Thermodynamics, 
with numerous Examples. By Benjamin Williamson, D.Sc., F.R.S., a.**" 
Francis A. Tarleton, LL.D. Crown 8vo., lor. 6</. 

WORTHINGTON.—XyH'^KyilC^ OF ROTATION: an Ele 

mentary Introduction to Rigid Dynamics. By A. M. Worthington, M. 
F.R.S. Crown 8vo., 45. 6rf. 



OPTICS AND PHOTOGRAPHY. 

ABNEY.—K TREATISE ON PHOTOGRAPHY. By Captain 

W. de Wiveleslie Abney, F.R.S. , Director for Science in the Science and 
Art Department. With T15 Woodcuts. Fcp. 8vo., y. 6d. 

GLAZEBROOK,-~V\lY^lCM. OPTICS. By R. T. Glaze- 
brook, M.A., F.R.S., Fellow and Lecturer of Trinity College, Demonstrator 
of Physics at the Cavendish Laboratory, Cambridge. With 183 Woodcuts o( 
Apparatus, etc. Fcp. 8vo., 6s. 

WRIGHT,— OVTlCKh PROJECTION : a Treatise on the Use 

of the Lantern in Exhibition and Scientific Demonstration. By Lewis Wright, 
Author of ' Light : a Course of Experimental Optics '. With 232 Illustrations. 
Crown 8vo. , 6j. 



SOUND, LIGHT, HEAT, AND THERMODYNAMICS. 

C^7J/J//A^6^.— HEAT. For the Use of Schools and Students. 

By LiNN.*;us Cumming, M.A. With numerous Illustrations. Crown Svo., 
4J. 6d. 

^^-K— NUMERICAL EXAMPLES IN HEAT. By R. E. 

Day, M.A. Fcp. Svo., 3s. (ni. 
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SOUND, LIGHT. HEAT, AND THERIVIODYNAMIC8-C^/i/i/<«^e«/. 

EMTAGE,—UGWY, By W. T. A. Emtage, M.A. With 

232 Illustrations. Crown 8vo., ds. 

ffELMBOLTZ,—0^ THE SENSATIONS OF TONE AS A 

PHYSIOLOGICAL BASIS FOR THE THEORY OF MUSIC. By Her- 
mann Von HELMH01.TZ. Royal 8vo. , 28J. 

MADAN.—A^ ELEMENTARY TEXT-BOOK ON HEAT. 

For the Use of Schools. By H. G. Madan, M.A., F.C.S., Fellow of Queen's 
College, Oxford ; late Assistant Master at Eton College. Crown Svo., qj. 

^«^^^^^ZZ.— THEORY OF HEAT. By J. Clerk Maxwell, 

M.A., F.R.SS., L. and E. With Corrections and Additions by Lord Ray- 
LEIGH. With 38 Illustrations. Fcp. 8vo., 4J. 6cf, 

SJkfJTB.— THE STUDY OF HEAT. By J. Hamblin Smith, 

M.A., of Gonville and Caius College, Cambridge. Crown 8vo., y. 

^^JVjDALL.— Works by JOHN TYNDALL, D.C.L., F.R.S. 
See p. 27. 

^CDRMELL.—K CLASS-BOOK OF THERMODYNAMICS. 

By Richard Wormell, B.Sc.. M.A. Fcp. 8vo., u. 6</. 

^^MIGHT.— Works by MARK R. WRIGHT, Hon. Inter. B.Sc, 
London. 

SOUND, LIGHT, AND HEAT. With 160 Diagrams and 

Illustrations. Crown Svo. , 2J. (yd, 

ADVANCED HEAT. With 136 Diagrams and numerous 

Examples and Examination Papers. Crown 8vo. , 4J. dd. 



STEAM, OIL, AND GAS ENGINES. 

BALE.-k HAND-BOOK FOR STEAM USERS; being Rules 

for En^ne Drivers and Boiler Attendants, with Notes on Steam Engine and 
Boiler Management and Steam Boiler Explosions. By M. Powis Bale, 
M.I.M.E., A.M.I.C.E. Fcp. 8vo., 2s. td. 

BOLTON.— UOTIVE POWERS AND THEIR PRACTICAL 

SELECTION. By Reginald Bolton, Associate Member of the Institution 
of Civil Engineers, etc. Crown Svo., 6s. 6d. net. 

CLERK.—TUE GAS AND OIL ENGINE. By Dugald 

Clerk, Associate Member of the Institution of Civil Engineers, Fellow of the 
Chemical Society, Member of the Royal Institution, Fellow of the Institute of 
Patent Agents. With 228 Illustrations and Diagrams. 8vo., 15J. 

HOLMES.— TWE STEAM ENGINE. By George C. V. 

Holmes, Whitworth Scholar, Secretary of the Institution of Naval ArchtLectii, 
With 212 Woodcuts. Fcp. 8vo., 65. 
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8TCAH, OIU AMD GAS mMOlHE»-C^MiA»med. . „ 

]lL. 

NORRIS.—\ PRACTICAL TREATISE ON THE *OnO' 

CYCLE GAS ENGINE. By Wiluam Xoksis. M.LMeclLE. With 207 
lUnstrations. 8vo., lof. 6d. 

]u 

RIPPER.-STE\M. By William Ripper, Member of the 

Iiutitation of Mechanical Engineers; Professor of Mechanical Engineering in |^{ 
the Sheffield Technical SchooL W'ith 143 Illustrations. Cro^-n 8vo. , 25. bd. 

SENNETT.—IYIE MARINE STEAM ENGINE. A Treatise 

for the L'se of Engineering Students and Officers of the Royal Navy. By 
RiCHAKD Sexnett, R-N.. late Engineer-in-Chief of the Royal Navy. With 
261 Illustrations. 8vo., 2U. 

ST/^OMEYER.—MMLl^l^ BOILER MANAGEMENT AND 

CONSTRUCTION. Being a Treatise on Boiler Troubles and Repairs, 
Corrosion, Fuels, and Heat, on the proporties of Iron and Steel, on B(nl^ 
Mechanics. Workshop Practices, and Boiler I>esign. By C. E. Stromeyk*' 
Graduate of the Royal Technical College at Aix-la-Chapelle, Member of the 
Institute of Naval Architects, etc. 8to. , i8j. net 



BUILDING CONSTRUCTION. 

ADVANCED BUILDING CONSTRUCTION. By the Author 

of 'Rivingtons' Notes on Building Construction'. With 385 Illustrations- 
Crown 8vo. , 45. 6d. 

BC//^/^EL£.—hVlLDlNG CONSTRUCTION. By Edward J- 

BuRRKi.L, Second Master of the People's Palace Technical School, London. 
With 303 Working Drawings. Crown 8vo., 2j. 6d. 

SEVDOJV.— BUILDER'S WORK AND THE BUILDING 

1 1<.\DKS. Hy Col. H. C. Seddon, R.E., Superintending Engineer, H.M's 
Dockyard, Portsmouth; Examiner in Building Construction, Science and Art 
Department, South Kensington ; with numerous Illustrations. Medium 8vo., 
i6j. 

RIVINGTONS' COURSE OF BUILDING CONSTRUCTION. 

myrV< on building construction. Arranged to 

tnrrl thr rnmirrincnts of the syllabus of the Science and Art Department of the 
< ominiltiT of ( ouncil on Education, South Kensington. Medium 8vo. 

Pan I. l-'irsl Stage, Dr Elementary Course. With 552 Wood- 

rnt«^. tf»» fhf. 

Part II. Cninnirnroinrnt of Second Stage, or Advanced Course. 

With .|;u \\'t»i»«ii'Ul«*, Hw. f»,/. 

Part ill. MrtlnirtU, Advanced Course, and Course for Honours. 
With irtrt \Vo«mU;ui»«» »?»>. 

Part IV. CiilrulrtlionH tor Building Structures. Course for 
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ELECTRICITY AND MAGNETISM. 

C C/il/ Jf /A 6^.— ELECTRICITY TREATED EXPERIMEN- 
TALLY. For the Use of Schools and Students. By LiNNiEUS Gumming, 
M.A. Assistant Master in Rugby School. With 242 Illustrations. Crown 
8vo., \s. 6d, 

/>^ K— EXERCISES IN ELECTRICAL AND MAGNETIC 

MEASUREMENTS, with Answers. By R. E. Day. i2mo., 3s. 6d. 

DU BO/S.— THE MAGNETIC CIRCUIT IN THEORY 

AND PRACTICE. By Dr. H. Du Bois, Privatdocent in the University of 
Berlin. Translated by E. Atkinson, Ph.D., formerly Professor of Experi- 
mental Science in the Staff College, Sandhurst. With 94 Illustrations. 8vo., 
I2J. net. 

£^^i?7:— MAGNETIC FIELDS OF FORCE : an exposition 

of the Phenomena of Magnetism, Electro- Magnetism and Induction, based on 
the Conception of Lines of Force. By H. Ebert, Professor of Physics in the 
University of Kiel. Translated by C. V. Burton, D.Sc. Part I. With 93 
Illustrations. 8vo., 10s. 6J. net. 

GORE.— THE ART OF ELECTRO-METALLURGY, including 

all known Processes of Electro- Deposition. By G. Gore, LL.D., KR.S. With 
56 Woodcuts. Fcp. 8vo., 6s. 

/^WATW:— ELECTRICITY AND MAGNETISM. By Fleeming 

Jenkin, F. R.S.S. , L. and E., M. I.C.E. With 177 Illustrations. Fcp. 8vo., y. 6d. 

10 e/^^iey.— ELEMENTARY TREATISE ON ELECTRICITY 

AND MAGNETISM. Founded on Joubert's ' Traits ^l^mentaire d'Electri- 
cit6'. By G. C. Foster, F.R.S., Quain Professor of Physics in University 
College, London; and E. Atkinson, Ph.D., formerly Professor of Experi- 
mental Science in the Staff College, Sandhurst. With 381 Illustrations. Crown 
8vo., 7J. dd. 

/'O FC.^.— EXAMPLES IN ELECTRICAL ENGINEERING. 

By Samuel Joyce, A. I. ME. Member of the Physical Society ; Lecturer to 
the Senior Classes in Electrical Engineering, Municipal Technical School. Man- 
chester. Crown 8vo. , 55. 

^^i?Z;.£:iV^.— ELECTRICITY FOR PUBLIC SCHOOLS AND 

COLLEGES. By W. Larden, M.A. With 215 Illustrations, and a Series 
of Examination Papers, with Answers. Crown 8vo. , ts. 

MERRIFIELD.—^\hG^Kn^M AND DEVIATION OF THE 

COMPASS. For the Use of Students in Navigation and Science Schools. By 
John Merrifield, LL.D., F.R.A.S., i8mo., 2s. 6d. 

POVSEE.— Works by A. W. POYSER, M.A. 
MAGNETISM AND ELECTRICITY. With 235 Illustrations. 

Crown 8vo., 2s. 6d. 

ADVANCED ELECTRICITY AND MAGNETISM. With 

317 Illustrations. Crown 8vo. , 4s. 6d. 

SLINGO AND BROOKER,— Works by W. SLINGO and A. 
BROOKER, 
ELECTRICAL ENGINEERING FOR ELECTRIC LIGHT 

ARTISANS AND STUDENTS. With 346 Illustrations. Crown 8vo., i2.r. 

PROBLEMS AND SOLUTIONS IN ELEMENTARY 

ELECTRICITY AND MAGNETISM. Embracing a Complete Set of 
Answers to the South Kensington Papers for the years T885-1894, and a Series 
of Original Questions. With 67 Original lUust.TaUow&. C\cy*rci%M^.x'i&. 

TyJVJ?^ZZ.— Works by JOHN TY^\)K\A^> Y>^^-V^^:^^' 
p. 27. 
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TELEGRAPHY AND THE TELEPHONE. 

BENNETT,— THE TELEPHONE SYSTEMS OF CONTI [ [} . 

NENTAL EUROPE. By A. R. Bennett. Member of the Institute of 
Electrical Engineers ; late General Manager in Scotland of the National Tele- 
phone Company, and General Manager and Electrician of the Mutual and New 
Telephone Companies. With 169 Illustrations. Crown 8vo., 15J. 

CULLEY.—k HANDBOOK OF PRACTICAL TELEGRAPHY. 

By R. S. CuLLEY, M.I.C.E., late Engineer-in-Chief of Telegraphs to the Post 
Office. With 135 Woodcuts and 17 Plates. 8vo. , i6j. 

PREECE AND SIVE WR/GBT-TELEGRAFHY. Bj W. H. 

PREECE, C.B., F.R.S.. V.P.Inst.. C.E., etc., Engineer-in-Chief and Electrician 
Post Office Telegraphs ; and Sir J. Sivewright, K.C.M.G. , General Manager, 
South African Telegraphs. With 258 Woodcuts. Fcp. 8vo., dr. 



ENGINEERING, STRENGTH OF MATERIALS, ETC. 
ANDERSON— THE STRENGTH OF MATERIALS AND 

STRUCTURES : the Strength of Materials as depending on their Quality and 
as ascertained by Testing Apparatus. By Sir J. Anderson, C.E., LI-..D., 
F.R.S.E. With 66 Woodcuts. Fcp. Svo., y. 6d. 

BARRK—RAllMAY APPLIANCES: a Description of Details 

of Railway Construction subsequent to the completion of the Earthworks and 
Structures. By Sir John Wolke Barry, K.C.B.. M.I.C.E. With 218 Wood- 
cuts. Fcp. 8vo., 4s. 6(/. 

STONE K— THE THEORY OF THE STRESSES ON 

GIRDERS AND SIMI LAR STRUCTURES. With Practical Observations on 
the Strength and other Properties of Materials. By Bindon B. StoneY. 
LL.D., F.R.S., M.I.C.E. With 5 Plates and 143 Illustrations in the Text. 
Royal 8vo., 36^. 

17NIV/N— Works by WILLIAM CAWTHORNE UNWiN, 
r.R.S., B.S.C 

THE TESTING OF MATERIALS OF CONSTRUCTION. 

Embracing the description of Testing Machinery and Apparatus Auxiliarj' 
to Mechanical Testing, and an Account of the most Important Researchi^ 
on the Strength of Materials. With 141 Woodcuts and 5 Folding-out Plates. 
8vo., 21S. 

ON THE DEVELOPMENT AND TRANSMISSION OF 

POWER FROM CENTRAL STATIONS : being the Howard Lectures 
delivered at the Society of Arts in 1893. With 81 Diagrams. 8vo., 
loj. net. 

W'^-^i^i^^iV.— ENGINEERING CONSTRUCTION IN IRON. 

STEEL, AND TIMBER. By William Henrv Warren. Challis Professor 
of Civil and Mechanical Engineering, University of .Sydney. With 13 Folding 
Plfites, and ^ys Diagrams, Roya\ 8vo., i6s, iExe\, 



Scientific Works published by Longmafjs, Green, c^' G?. 13 



MACHINE DRAWING AND DESIGN. 

^W AND BE VIS,— h MANUAL OF MACHINE DRAWING 

AND DESIGN. By David Allan Low (Whitworth Scholar), M.I.Mech.E.. 
Professor of Engineering, East London Technical College ; and Alfred 
William Bevis (Whitworth Scholar), M.I.Mech.E., Director of Manual 
Training to the Birmingham School Board. With 700 Illustrations. 8vo. , 7s. 6d. 

9 jf/;-. Works by DAVID ALLAN LOW, Professor of Engineer- 
ing, East London Technical College. 

IMPROVED DRAWING SCALES. 4^. in case. 

AN INTRODUCTION TO MACHINE DRAWING AND 

DESIGN. With 97 Illustrations and Diagrams. Crown 8vo. , 2s. 

WM^/A^.— THE ELEMENTS OF MACHINE DESIGN. By 

W. Cawthorne Unwin, F.R.S., Professor of Engineering at the Central 
Institute of the City and Guilds of London Institute. 

Part I. peneral Principles, Fastenings, and Transmissive 

Machinery. With 304 Diagrams, etc. Crown 8vo., 6^. 

Part II. Chiefly on Engine Details. With 174 Woodcuts. 

Crown 8vo. , 4J. 6^. 



LONGMANS' CIVIL ENGINEERING SERIES. 

Edited by the Author of ' Notes on Building Construction '. 

IDAL RIVERS: their (i) Hydraulics, (2) Improvement, (3) 

Navigation. By W. H. Wheeler, M.Inst.C.E., author of 'The Drainage of 
Fens and Low Lands by Gravitation and Steam Power'. With 75 Illustrations. 
Medium 8vo., i6j. net. 

OTES ON DOCKS AND DOCK CONS FRUCTION. By C 

COLSON, M.Inst.C.E., Assistant Director of Works, Admiralty. W'ith 365 
Illustrations. Medium 8vo., 21J. net. 

RINCIPLES AND PRACTICE OF HARBOUR CON- 
STRUCTION. By William Shield, F.R.S.E. , M.Inst.C.E., and Executive 
Engineer, National Harbour of Refuge, Peterhead, N.B. With 97 Illustrations. 
Medium 8vo. , ly. net. 

ALCULATIONS FOR ENGINEERING STRUCTURES. By 

T. Claxton Fidler, M.I.C.E., Professor of Engineering in the University of 
Dundee; Author of 'A Practical Treatise on Bridge Construction'. 

[/« p-eparation. 

RINCIPLES AND PRACTICE OF CIVIL ENGINEERING. 

By L. F. Vernon-Harcourt, M.Inst.C.E., Professor of Civil Engineering at 
University College, London. \ln preparation. 

AILWAY CONSTRUCnON. B^ W. W, UWA^^. ^V\5:L,^,. 

JSnjg^ineer-in-Chief, Great Northern RaWway, \re\ax\c\, \I>^ t^*^ 
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WORKSHOP APPLIANCES, ETC. 

NORTHCOTT.—\.KTVi^^ AND TURNING, Simiile, Mecha 

meal and Ornamental By W. H. NoRTHCxnr. With ^ Illustraiions. 
8vo., i8i. 

.SV/iT/Z/sK- -WORKSHOP APPLIANCES, including Descn{> 

tions of some of the Gauging and Measorin^ Instruments, Hand-cutting Tools, 
lathes, Drilling, Plaining, and other Machine Tools used bv Engineers. By 
C. P. B. Shelley, M.I.C.E. With an additional Chapter on Milling by R- 
R. Lister. With 323 Woodcuts. Fcp. 8vo., y. 



MINERALOGY, METALLURGY, ETC. 

BAUERAfAN,—\Novk^ by HILARY BAUERMAN, F.G.S. 
SVsrKMATIC MINERAL0(;Y. With 373 W^oodcuts and 

Olngrams. Fcp. 8vo. , 6s. 

f)KSC:RIPriVE MINERALOGY. With 236 Woodcuts and 

I )iagramfl. Fcp. 8vo. , 6s. 

GOjKE,--'VH\L art of ELECTRO-METALLURGY, including 

all known Processes of Electro-Deposition. By G. GoRlj, LL.D., F.R> 
With 56 Woodcuts. Fcp. Svo. , 6s. 

HUNTINGTON AND Mc MILL AN -METALS: their Properties 

.nul 'rrcntmenl. Now Edition. By A. K. Huntington, Professor of Meta^- 
lurpy in King'.s C'ollegc, London ; and W. G. .McMillan, I^ecturer on Meti^^- 
Itir^y ill Mason's College, Birmingham. With 122 Illustrations. Crown Bvo- 

/./V//7.V.- PAPERS AND NOTES ON THE GENESIS ANI 

MA'l KIX OK rilK DIAMOND. By the late Henry Carvill Levs'X 
M.A., K.ti.S. Edilrd by Professor T. G. Bonney. D.Sc.. LL.D., F.R.^ 
oic. Willi a Plates and 35 Illustrations in the Text. Bvo., 75. 6d. 

SflTCHEI.L. A MANUAL OF PRACTICAL ASSAVINC 

\\\ JOHN MiTCHKLL, F.C.S. Reviscd, with the Recent Discoveries incor|> 
ratril By W. Ckookks, F.R.S. With 201 Illustrations. Bvo., 31J. 6</. 

AV/AV//). MKTALLURCiY. An Elementary Text Book. 

l;. < . KUKVD, l.<vturor on Metallurgy at the Municipal Technical Scho^ 
Man* l»ovt«M. Willi ^4 Illustrations. Crown Bvo., y. 6d. 

Kill E\\ rilK S'lTJDV OF ROCKS: an Elementary Tex: 

hook »>l IVtiolouv. By F. Rutley, F.G.S. With 6 Plates and 88 Woodcut 

ASTRONOMY, NAVIGATION, ETC. 

J/^'mU/: KLKMKNI'ARY THEORY OF THE TIDES 

^\\^^ \ \\\\\W\\\\^\U\\ TluHUtius I VinonstraUHl without Mathematics and the Ii 
f^Mvi^w WW iho I t^ntjih ol ilio l)jiy Discussed. By T. K. Abbott, B.D., Fello 
'M\^\ \\\U^\. ImulN Ct»llt'tit\ Dublin. Crown 8vo., 2j. 

AV^/y'. \\v^a>. h\ Sn KOJIKRT S. BALL, LL.D., F.R.S. 
/./ t:\n\ IS OF AS'VKONOMW With 17,0 Figures and Dir 

A tlASStWM^K OV x\STKONO>.V\. \Nw\v ArX V>\^%^^x 



Scientific Works published by Longmans^ Green^ &^ Co, 15 



ASTRONOMY. NAVIGATION, KTQ. -Continued, 

<l?/iV^irZ^ K— ASTRONOMY. By F. Brinkley, formerly 

Astronomer Royal for Ireland. Re-edited and Revised by J. W. Stubbs, D.D. 
and F. BRttNNOW, Ph.D. With 49 Diagrams. Crown 8vo., 6j. 

:^i?ir5.— THE SYSTEM OF THE STARS. By Agnes M. 

Clekke. With 6 Plates, and numerous Illustrations. 8vo. , 21J. 

GODWIN.— KZYm^-YYi TABLES FOR THE HIGHER 

DECLINATIONS. (Limits of Declination 24" to 30°, both inclusive.) 
Between the Parallels of Latitude 0° and 60°. With Examples of the Use of 
the Tables in English and French. By H. B. Goodwin, Naval Instructer, 
Royal Navy. Royal 8vo. , js. 6d. 

ERSCHEL.-OVTl.mi^S OF ASTRONOMY. -By Sir John 

F. W. Herschel, Bart., K.H., etc. With 9 Plates, and numerous Diagrams. 

BVO., I2J. 

DWELL, — MARS. By Percival Lowell, Fellow American 

Academy, Member Royal Asiatic Society, Great Britain and Ireland, etc. 
With 24 Plates. 8vo. , i2j. 6d. 

'^^T/iV:— NAVIGATION AND NAUTICAL ASTRONOMY. 

Compiled by Staff Commander W. R. Martin, R.N. Royal 8vo., i8j. 

'ERR/FIELD.— k TREATISE ON NAVIGATION. For 

the Use of Students. By J. Merrifield, LL.D., F.R.A.S., F.M.S. With 
Charts and Diagrams. Crown 8vo. , 55. 

^^i^'^y?.— ELEMENTS OF ASTRONOMY. With Numerous 

£.vamples and Examination Papers. By George W. Parker, M.A., of 
Trinity College, Dublin. With 84 Diagrams. 8vo. , 51. net. 

^£^i?.— CELESTIAL OBJECTS FOR COMMON TELE- 
SCOPES. By the Rev. T. W. Webb, M.A., F.R.A.S. Fifth Edition, 
Revised and greatly Enlarged by the Rev. T. E. Espin, M.A. , B\R.A.S. (Two 
Volumes.) Vol. I., with Portrait and a Reminiscence of the Author, 2 Plates, 
and numerous Illustrations. Crown 8vo., 6s. Vol. II., with numerous Illustra- 
tions. Crown 8vo. , 6s. 6d. 



WORKS BY RICHARD A. PROCTOR. 

LD AND NEW ASTRONOMY. With 21 Plates and 472 

Illustrations in the Text. 410. , 21J. 

YTHS AND MARVELS OF ASTRONOMY. Crown 8vo., 

3J. 6d. 

HE MOON : Her Motions, Aspect, Scenery, and Physical 
Condition. With many Plates and Charts, Wood Engravings, and 2 Lunar 
Photographs. Crown 8vo. , 5^. 

m UNIVERSE OF STARS: Reseatc\^e^'mvo,;>iYv^^v-^^';f*^; 

respecting tha Constitution of the Heavens. >N\0:v a'2 OvaxVs* V^^^'^^^^'^'^^^'*^ 
^ Dm^rnms. 8\o. , los. td. 
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WORKS BY RICHARD A. PROCTOR— CbM//»cf«%/. 

OTHER WORLDS THAN OURS: the Plurality of Worlds 

Studied Under the Light of Recent Scientific Researches. With 14 Illustrations; 
Map, Charts, etc. Crown 8vo. , y. dd. 

THE ORBS AROUND US ; Essays on the Moon and Planets, 

Meteors and Comets, the Sun and Coloured Pairs of Suns. Crown 8vo., y. 6*/. 

LIGHT SCIENCE FOR LEISURE HOURS : Familiar Essays 

on Scientific Subjects. Natural Phenomena, etc. 3 vols. , crown 8vo. , 5?. each 

THE EXPANSE OF HEAVEN : Essays on the Wonders of the 

Firmament. Crown Bvo. , y. 6d. 

OTHER SUNS THAN OURS : a Series of Essays on Suns-Old, 

Young, and Dead. With other Science Gleanings. Two Essays on Whist, 
and Correspondence with Sir John Herschel. With 9 Star-Maps and Diagrams. 
Crown Bvo., y. 6d. 

HALF-HOURS WITH THE TELESCOPE : a Popular Guide 

to the Use of the Telescope as a means of Amusement and Instruction. With 
7 Plates. Fcp. Bvo. , ar. 6d. 
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Crown 8vo., y, 6d, 
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Scientific Subjects. Crown Bvo., y. 6d. 

PLEASANT WAYS IN SCIENCE. Crown 8vo., 3^. (yd. 
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Wilson, T. Foster, and E. Clodd. Crown 8vo., y. 6d. 
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THE SOUTHERN SKIES : a Plain and Easy Guide to the 

Constellations of the Southern Hemisphere. Showing in 12 Maps the position 
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Wr(9iV:~MINING. An Elementary Treatise on the Getting 
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ELEMENTARY GEOLOGY. With Geological Map of the 
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ADVANCED GEOLOGY. A Manual for Students in Advanced 
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^^^iV:— PHYSICAL GEOLOGY FOR STUDENTS AND 
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flORNTON.—V^oxk^ by J. THORNTON, M.A. 
ELEMENTARY PHYSIOGRAPHY: an Introduction to the 

Study of Nature. With 12 Maps and 247 Illustrations. With Appendix on 
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ADVANCED PHYSIOGRAPHY. With 6 Maps and 200 
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R^y.— PHYSIOLOGY AND THE LAWS OF HEALTH, in 

Easy Lessons for Schools. By Mrs. Charles Bray. Fcp. 8vo., is. 

ROjDRIBB.—MANVAL of health and TEMPER- 
ANCE. By T. Brodribb, M.A. With Extracts from Cough's 'Temperance 
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UCKTON. — HEALTH IN THE HOUSE ; Twenty five 
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Woodcuts and Drngrdms. Crown 8vo. , 25. 
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FIELD. M.A.. M.D. Fqx 8va.. is. 6d. 

^:^-^.VA'Z-^.VZ>.— MICRO-ORGANISMS IN WATER, THEIR 
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NATURAL HISTORY, EVOLUTION, ETC. 
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THE S'FORV OF CREATION : A Plain Account of Evolution. 
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Eldition of * The Stor>* of Creation '. With Illustrations. Fcp. 8vo., u. bd. 
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THE OUTDOOR WORLD : or, The Young Collector's Hand- 
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Text. Crown 8vo. , js. (xi. 

BUTTERFLIES AND MOTHS (British). With 12 Coloured 

riates and 241 Illustrations in the Text. 7s. 6d. 

LIFE IN PONDS AND S'I'REAMS. With 8 Coloured Plates 
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HLDSOX—BKYTlSn BIRDS. By W. H. Hudson, C.M.Z.S. 

With 8 Coloured Plates from Original Drawings by A. Thorburn, and 8 Plates 
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F.R.S. 

DARWIN, AND AFTER DARWIN: an Exposition of the 

Darwinian Theory, and a Discussion on Post-Darwinian Questions. 

Part 1. THE DARWINIAN THEORY. With Portrait of Darwin and 12=; 
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Part II. POST-DARWINIAN QUESTIONS: Heredity and Utility. With 
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SHBY AND WJ^/GHT.— THE DISEASES OF CHILDREN, 

MEDICAL AND SURGICAL. By Henry Ashby. M.D., Lond.. F.R.C.P., 
and G. A. Wright, B.A., M.B.. Oxon., F.R.C.S., Eng. With 192 Illustra- 
tions. 8vo., 2V. 

^EJVNETT.— Works by WILLIAM H. BENNETT, F.R.C.S., 
Surgeon to St. George's HospitaL 

CLINICAL LECTURES ON VARICOSE VEINS OF THE 

LOWER EXTREMITIES. With 3 Plates. 8vo., 6s. 
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CLINICAL LECTURES ON ABDOMINAL HERNIA: 
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'ABOT.—k GUIDE TO THE CLINICAL EXAMINATION 
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Tenth Thousand, being a selection of the Tablets believed to be most useful 
to Students generally. Post 4to. , loj. 6d. 
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rCKINSON.— Works by W. HOWSHIP DICKINSON, M.D. 
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THE TONGUE AS AN INDICATION OF DISEASE; 
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THE HARVEIAN ORATION ON HARVEY IN ANCIENT 
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Together with Observations on Prognosis in Disease. By Sir Dyce Duck- 
worth. M.D., LL.D., Fellow and Treasurer of the Royal College of Phy- 
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ERICffSEN—TUE SCIENCE AND ART OF SURGERY; 

a Treatise on Surgical Injuries, Diseases, and Operations. Tenth Edition. Re- 
vised by the late Marcus Beck, M.S., and M.B. (Lond.), F.R.C.S., and by 
Raymond Johnson, M.B. and B.S. (Lond.), F.R.C.S. Illustrated by nearly 
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GARROD.—V^oxk^ by Sir ALFRED BARING GARROD, 
M.D., F.R.S., etc. 

A TREATISE ON GOUT AND RHEUMATIC GOUT 

(RHEUMATOID ARTHRITIS). With 6 Plates, comprising 21 Figures 
(14 Coloured), and 27 Illustrations engraved on Wood. 8vo., 21 j. 

THE ESSENTIALS OF MATERIA MEDICA AND THERA- 
PEUTICS. Revised and Edited, under the supervision of the Author, by 
Nestor Tirard, M.D., Lond., F.R.C.P., Professor of Materia Medica and 
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GRA y.— ANATOMY, DESCRIPTIVE AND SURGICAL By 

Henry Gray, F.R.S., late Lecturer on Anatomy at St. George's Hospital. 
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HAZLIBURTOAr.—Wovks by W. D. HALLIBURTON, M.D 
F.R.S., M.R.C.P. 

A TEXT-BOOK OF CHEMICAL PHYSIOLOGY ANl 
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ESSENTIALS OF CHEMICAL PHYSIOLOCrY. Secon 
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Z.^iVG.— THE METHODICAL EXAMINATION OF TH 

EYE. Being Part I. of a Guide to the Practice of Ophthalmology i'or Studen 
and Practitioners. By William Lang, F.R.C.S., Eng. , Surgeon to the Roy 
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M.A. and M.D., Cantab., F.R.C.P., Lond. , etc., Physician to the Department 
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ONGMORE.— Works by Surgeon -General Sir T. LONGMORE 
CC) F.R.G.S. 

THE ILLUSTRATED OPTICAL MANUAL; or, HAND- 
BOOK OF INSTRUCTIONS FOR THE GUIDANCE OF SURGEONS 
IN TESTING QUALITY AND RANGE OF VISION, and in Dis- 
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Illustrated by 74 Drawings and Diagrams by Inspector-General Dr. 
Macdonald, R.N., F.R.S., C.B. 8vo., i/\s. 

GUNSHOT INJURIES. Their History, Characteristic Features, 

Complications, and General Treatment ; with Statistics concerning them 
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UFF.— TEXT -BOOK OF FORENSIC MEDICINE AND 

TOXICOLOGY. By Arthur P. Luff, M.D., B.Sc. (Lond.), Physician 
in Charge of Out-Patients and Lecturer on Medical Jurisprudence and 
Toxicology in St. Mary's Hospital ; Examiner in Forerfsic Medicine in the 
University of London ; External Examiner in Forensic Medicine in the 
Victoria University ; Official Analyst to the Home Office. With numerous 
Illustrations. 2 vols., crown Svo., 24J. 

EWMAN. — ON THE DISEASES OF THE KIDNEY 

AMENABLE TO SURGICAL TREATMENT. Lectures to Practitioners. 
By David Newman, M.D., Surgeon to the Western Infirmary Out-Door 
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WEN.— A MANUAL OF ANATOMY FOR SENIOR 

STUDENTS. By Edmund Om^en, M.B., F.R.S.C., Senior Surgeon to the 
Hospital for Sick Children, Great Ormond Street, Surgeon to St. Mary's 
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MEDICINE AND S\J?iOfL?iY— Continued. 

s^Z. --Works by JOHN HENRY STEfeL, F.R.CV.S., F.Z.S., 
A.V.D. 

TREATISE ON THE DISEASES OF THE DOG; being 

a Manual of Canine Pathology. Especially adapted for the use of Veterinary 
Practitioners and Students. 88 Illustrations. 8vo. , loy 6d. 

TREATISE ON THE DISEASES OF THE OX ; being a 

Manual of Bovine Pathology. Especially adapted for the use of Veterinary 
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TREATISE ON THE DISEASES OF THE SHEEP ; being 

a Manual of Ovine Pathology for the use of Veterinary Practitioners and 
Students. With Coloured Plate and 99 Woodcuts. 8vo. , I2J. 

UTLINES OF EQUINE ANATOMY; a Manual for the use 

of Veterinary Students in the Dissecting Room. Crown Bvo. , js. 6d. 

VNEHENGEJ—TYiE DOG IN HEALTH AND DIS- 
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?^i?Z^.— DIPHTHERIA AND ANTITOXIN. By Nestor 
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[LZ£A\— Works by AUGUSTUS D. WALLER, M.D., 
Lecturer on Physiology at St. Mary's Hospital Medical School, 
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N INTRODUCTION TO HUMAN PHYSIOLOGY. With 

314 Illustrations. 8vo., iSs. 

.XERCISES IN PRACTICAL PHYSIOLOGY. Part I. 
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preparation.) 

UCBSELBA UM,— THE ELEMENTS OF PATHOLOGI- 
CAL HISTOLOGY. With Special Reference to Practical Methods. By Dr. 
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VOrA TV:— Works by \VILLL\M VOUATT. 
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PHYSIOLOGY, BIOLOGY, ETC. 
.^5^/? 1:— NOTES OX PHYSIOLOGY, for the Use of Students 

Pn?carir^ fee EJcimiaaiica. Bv Henry .\shby, M.D. With 141 Illustrations. 
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BA/i:\£rr— THE making of THE BODY: a Childrens 

Boci >x: Aruiioiay .md Physaology, for School and Home Use. By Mrs. S. .^. 
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H/rGOO/h—A course of PRACTICAL ELEMENTARY 

BIOLtX'.V. By JvHN BiDGOOD. RSc.. F.L.S. With 226 Illustrations. 

/?/?.^ >:— PHYSIOLOliY AND THE LAWS OF HEALFH, in 

Hijy Lessons tcr Schools. B>- Mrs. Charles Bray. Fcp. 8vo., is. 

/A\-^AXZ.^AY>.— MICRO ORGANISMS IN WATER. To 
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Public Health in the University of 
Cambridge and in the Victoria Uni- 
versity, Manchester ; and R. H. 
Firth, F.R.C.S, Assistant Professor 
of Hygiene, in the Army Medical 
School, Netley. With 95 Illustrations. 
Crown Svo. , y. 6d. 
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ASTRONOMY. By Sir Robert St a- ; ZOOLOGY OF THE VERTEBRATE 



WELL Ball, LL.D., F.R.S. 
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MECHANICS. By Sir Robert Sta- 
WELL Ball, LL.D., F.R.S. 89 
Diagrams, is. 6d. 

THE LAWS OF HEALTH. By W. 
H. Corfield, M.A., M.D., F.R.C.P. 
With 22 Illustrations, is. 6d. 

MOLECULAR PHYSICS AND 
SOUND. By Fred. Guthrie, F.R.S. 
91 Diagrams, is. 6d. 



ANIMALS. By Alexander Mac- 
alister, M.D. With 77 Diagrams, 
ij. 6d. 

HYDROSTATICS AND PNEUMA- 
TICS. By Sir Philip Magnus. 
B.Sc., B.A. 79 Diagrams, is. 6d. 
(To be had also with Ans7vers, 2J.). 
The Worked Solutions of the Pro- 
blems. 2S. 

BOTANY. Outlines of the Classificatioi^ 
of Plants. By W. R. McNab, M.dI 
With 118 Diagrams, is. 6d. | 



GEOMETRY, CONGRUENT FIG- , „^_,^,,, ^ ,. ^ w ,. , 

URES. By O. Henrici, Ph.D.. ! BOTANY Outhnes of Morphology and ,, 
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M.D. With 42 Diagrams, is. 6d. 

ZOOLOGY OF THE INVERT^.- \ 
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